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GOVERNMENT INFORMATION 
SERVICES 


HE Central Office of Information was established 

on April 1, 1946, to take over a wide but closely 
Specified range of duties from the Ministry of In- 
formation. Its first annual report* is of particular 
interest as giving the first available description of 
the general organisation of the Government inform- 
ation services and of the responsibilities and activities 
of the Central Office. The report emphasizes that the 
Central Office of Information is not a policy depart- 
ment, and that the responsibility for information and 
publicity policy in Britain always rests with the minis- 
terial department covering the field into which the 
subject falls. Primarily the Office is a professional 
and technical service agency for nearly forty depart- 
ments, being responsible for producing information 
or publicity material required by them, and being 
treated as the expert in presentation. It performs 
various other services which do not entail the pro- 
duction of material; but any general influence it 
exerts in the nature and efficiency of information 
services derives from its relative size and central 
function, rather than from its constitutional powers. 
Apart from the fact that the Central Office itself 
employs no staff overseas, a similar relation exists 
between the -Central Office and the Information 
Departments of the Overseas Departments and of 
the Board of Trade. 

In home affairs, material produced by the Central 
Office to add to public knowledge and understanding 
of public affairs has been largely directed towards 
increasing public understanding of the national 
economic situation. Here the Central Office is clearly 
fulfilling a recognized need for Government publicity. 
The Government has a duty to explain its policy and 
legislation; moreover, publicity is required for 
persuasive purposes in fields of safety and health and 
where coercive legislation is impossible. Nevertheless, 
it may fairly be urged that some of the Government 
action campaigns such as those described in this 
report have been weak substitutes for a courageous 
policy. There is a further educational function dis- 
charged by the Central Office in the way of providing 
technical and specialized information to assist sections 
of the public in their work and also in recording and 
reflecting significant aspects of the national life and 
achievement. Here it may be noted with interest 
that the Central Office has arranged a number of 
exhibits and displays for the Department of Indus- 
trial and Scientific Research, including one in 
connexion with the centenary of the Chemical 
Society. In such a matter the Central Office is in 
special danger of undertaking with doubtful efficiency 
what independent publicity experts could do better, 
and the Panel on Technical Information Services may 
well have under review some aspects of the work of 
the Central Office of Information. 

That is, indeed, one of the main criticisms that can 
be made of the work of the Central Office of Inform- 

* Annual Report of the Central Office of Information for the Year 


1947-48. (Cmd. 7567.) Pp. 56, (London: H.M. Stationery Office, 
1947.) Is. net. 
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ation. The report could well have included much 
more detailed information about its own work and 
the specific functions which occupy its staff of 1,698 
people in such varied fields as the distribution of 
news, the publication of books and periodicals, the 
production of films, and the conduct of social surveys, 
tourist and photographic lecture agencies, exhibitions, 
and Press and poster advertising, as well as the 
provision of what is described as reference services. 
The Central Office can, indeed, prevent. campaigns 
from overlapping and can advise departments on the 
use of publicity methods ; but, as the report demon- 
strates very plainly, it possesses no authority to ask 
the crucial question whether any particular activity 
is really worth while, and to counsel a department 
accordingly to curtail or abandon a projected 
programme. 

This, however, is the critical question. As regards 
the necessity and value in general of the activities 
outlined in the report there can be little doubt. Such 
work must be undertaken by the Government of a 
modern State which seeks to command public under- 
standing and support for its policies ; and variations 
in the standard of performance of particular duties 
by the Central Office of Information are comparatively 
unimportant. The wisdom or expediency of particular 
projects is altogether another matter, and while the 
report reveals that the Central Office has not the 
status to raise such a question, the contents of the 
report alone illustrate how imperatively the public 
interest demands that such questions should be asked 
and answered plainly. 

Unless the work of the Central Office of Inform- 
ation is to be wasted in futilities, its activities must 
be realistic and limited to projects for which a con- 
vincing statement of their public value can be made. 
The Government has already instituted an inquiry 
into the methods and organisation of information 
services. There is also needed, however, a careful 
and unceasing scrutiny of particular projects, such as 
the Select Committee on Estimates is accustomed to 
give, and which the Select Committee on National 
Expenditure gave to the Wartime Social Survey in 
a report published in February 1942. The present 
report includes a brief section on the Social Survey, 
which, however, adds little to the account published 
in Nature last year (161, 573; 1948) beyond listing 
examples of the collection of statistical data on the 
survey of sickness and on retail trade indexes carried 
out for the statistical divisions of departments and 
also examples of special problems into which research 
has been conducted. The latter comprise a survey 
of the composition of population and types of house- 
hold in connexion with post-war housing in Glasgow ; 
an estimate of the demand for war medals and decor- 
ations; an inquiry in Willesden in relation to the 
development of new towns; an inquiry as to the 
numbers of people likely to benefit from and use 
hearing aids under the new health scheme; and an 
inquiry into the social factors involved in the employ- 
ment of women. In all, surveys were made during 
the year for ten departments. The work of this 
section aguin demonstrates that, in the absence of an 
authority at a higher level, there can be no assurance 
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that a technical agency—such as the Central Office 
of Information essentially is—will be wisely used, 
and departmental campaigns planned with proper 
foresight from the point of view of the expenditure 
of public money or the most appropriate means of 
achieving the objective. Below Cabinet level, there 
appears to be nothing apart from critical examination 
by the Select Committee on Estimates to prevent 
the continuing wastage of public money on schemes 
which may originate from departmental vacillation 
and failure to evolve policy properly co-ordinated 
at Cabinet level with the requirements and puvlicies 
of other departments. 

The weaknesses of the Central Office of Information 
are, by and large, not of its own making, and ther 
is a danger that criticism of them may be directed 
against the Central Office rather than against the 
departments and ministers primarily responsible. It 
is not so much the quality of the work but its quantity 
that is in question, and whether the right objectives 
are being achieved. It would be disastrous if in the 
present economic situation there were any inter. 
ruption of the means by which the public ar 
informed of the affairs and the purpose and impii- 
cations of Government policy and action. But efforts 
to secure necessary exhortation and publicity cannot 
be multiplied indefinitely as a substitute for resolute 
leadership and for administrative action which really 
grapples with difficulties. Further, such efforts must 
never be allowed to obscure the vital fact that only 
through some form of central Government information 
services, both directly and with the co-operation of 
the Press and other agencies, can public support and 
understanding be secured for the measures, often 
unpalatable, necessary for economic recovery and for 
social advance. 





BIOCHEMISTRY OF BEHAVIOUR 


Hormones and Behavior 

A Survey of Interrelationships between Endocrine 
Secretions and Patterns of Overt Response. By 
Prof. Frank A. Beach. Pp. xv+368. (New York: 
Paul B. Hoeber, Inc.; London: Hamish Hamilton, 
Ltd., 1948.) 6.50 dollars. 


N this book Prof. F. A. Beach reviews the literature 
on the “interrelationships between endocrine 
secretions and patterns of overt res ” in verte- 
brates, the purpose of the book being “‘not the ex- 
position of a thesis but the supplying of a body of 
facts and references”. These are classified under the 
following chapter headings: courtship and mating; 
reversal or bisexuality of mating behaviour; ovi- 
position, parturition and parental behaviour ; migra 
tion; generalized aggression ; social dominance of 
submission, and territory defence; emotion; con- 
ditioning and other types of learning ; general loco- 
motor activity; homeostasis, metabolism, mets 
morphosis and moulting; morphologic structures 
employed in specific behaviour patterns ; the role of 
nervous stimulation ; developmental aspects ; major 
sources of variability ; and interpretations of horm- 
onal effects. The bias of treatment in favour of sexual 
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behaviour reflects, as the author correctly points out, 
the tendency of experimentalists to concentrate on 
those phenomena in which behavioural responses to 
hormonal stimulation are most evident and most 
3 ific. 

Prof. Beach's aim is to review the results of only 
the more important studies, and the uneven balance 
of the chapters reflects his own research interests, as 
do the rare statements of personal opinion in certain 
chapters. Usually no critical evaluations are given 
of the reports that are summarized, and some sub- 
jects receive very little notice. For example, eight 
pages only are given to the literature concerning the 
hormonal control of metabolism and homeostasis. 
The discussion of aggression and social behaviour is 
narrow in scope, and the chapter on emotion, while 
revealing the paucity of information on this subject, 
is scarcely a good summary of the work that is avail- 
able. The sections on human behaviour with which 
some chapters end are also very limited. Those 
topics (for example, bisexuality of mating behaviour ; 
the role of nervous stimulation ; interpretations of 
hormonal effects) to which Prof. Beach has himself 
contributed, are not surprisingly the more interesting 
and useful, and the relevant chapters lead to certain 
general conclusions. For example, as the author 
points out, no behavioural response yet investigated 
depends upon one and only one hormone. Again, no 
hormone produces one and only one effect upon an 
organism. Furthermore, hormonal control of a com- 
plete behaviour-pattern appears to be mediated by 
several intervening mechanisms rather than a single 
critical one, while different behaviour patterns vary 
in their degree of dependence upon endocrine products, 
and this dependence also varies from species to species 
for a similar behavioural reaction. 

Prof. Beach’s concentration on recent work, and in 
particular on papers published in American experi- 
mental journals, often leads him implicitly to attribute 
credit for observations to workers who were by no 
means the first to make them. More important, it 
often obscures the major interest of the fields to 
which the observations belong, by imposing too much 
of the particular on the general. ‘The first complete 
survey of to-day’s knowledge”’, as its jacket describes 
the book, should at least attempt to present that 
knowledge with a sense of proportion and per- 
spective; and it should show how later work has 
derived from original studies and generalizations, 
and how knowledge has progressed along certain 
definite lines. The fact that Prof. Beach’s book does 
not do this detracts greatly from its intellectual 
value. In his introduction the author suggests that 
books develop in one of two ways. “The first type 
grows like a living organism, starting with a central 
idea and proceeding along a course of differentiation 
and individuation so that the final result represents 
a well organized whole.” In contrast, the second 
type (in which category Prof. Beach places his book) 
‘grows by accretion, like a pearl, or, to use a less 
flattering simile, like a snowball rolling downhill’. 
if indeed there are two such ways of writing a book, 
it is difficult to understand why Prof. Beach chose 
the second, although it is easy enough to see that the 
faults of his book mainly derive from it. One may 
hope that the other way is selected for the second 
book he may write, and that he does not rest 
satisfied with the fact that his present one is a 
useful review and source book of references in the 
borderland between endocrinology and comparative 
psychology. 
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THE ART OF PHYTOTHERAPY 


Le livre des plantes médicinales et vénéneuses de 
France 

Par Dr. P. Fournier. Tome 1: Abricot & Colo- 

quinte. (Encyclopédie biologique, Tome 25.) Pp. 

Ixxviii + 448. (Paris: Paul Lechevalier, 1947.) 

800 francs. 


URING the past century the active principles of 

many medicinal plants have been isolated and 
identified. This has had the advantage of sub- 
stituting substances of known composition for some- 
what indefinite mixtures, with a corresponding gain 
in accuracy of dosage and consistency of results. It 
has sometimes happened that the purified substance 
has not replicated all the known or suspected effects 
of the crude drug ; and this is scarcely to be wondered 
at, since physiologically active substances like the 
alkaloids tend to be produced in groups of related 
compounds rather than by themselves. Members of 
a@ group, although chemically similar, may have 
noticeably different physiological effects. For these 
reasons modern pharmacopceias still include numerous 
galenicals side by side with plant extracts, pure 
‘chemicals’ of plant origin, and others that have 
originated in the laboratory. 

One would have supposed that it could only be a 
matter of secondary importance to a practising 
medical man whence an effective drug came; but 
it seems there is a school of medical thought that 
sees special vittue in a vegetable drug because it is 
‘organised’ and ‘natural’, It is from such a point of 
view that this book is written; but, in spite of its 
somewhat formidable proportions, it is intended to 
be a popular work. The Abbé Fournier is a botanist 
and writes about medicinal plants for a wide public, 
not about materia medica for medical men only. He 
is a great admirer of the modern use of galenicals, 
and follows those who see in it a branch of medicine 
worthy of being dignified with the special name of 
phytotherapy. The first requisite of such a system, 
he says, is to know one’s plants accurately. They are 
numerous, often difficult to distinguish and are re- 
ferred to by names which make confusion easy. He 
deplores, above all, modern ignorance of field botany, 
of which, formerly, every educated person had at 
least a smattering. The author has therefore set 
himself the task of describing the medicinal plants 
of his country to botanical laymen, whether they be 
medical practitioners or men in the street. For pur- 
poses of identification he has reduced as much as 
possible the use of technical taxonomic terms, and 
has provided numerous effective line drawings. He 
goes so far as to say that even a middling figure is a 
better aid to recognition than the best description. 
He presumably has the untrained layman in mind, 
and it is interesting to see with what success he uses 
this dangerous tool. He does not try it too high. 
The plant descriptions are prefaced by a dichotomous 
key of orthodox pattern, headed by the remark that it 
is quicker in the long run to use the key than to riffle 
over the pages hunting for a likely picture. Quicker 
and surer, no doubt, though unfortunately not so 
amusing. 

M. Fournier is a man of letters as well as science, 
and his descriptions are often felicitous, as when he 
says of aconites: “Qui a regardé d’un peu prés leur 
fleur, n’en oublie plus l’aspect : quasi le profil d’une 
Minerve casquée . . . Quant aux pétales, les découv- 
rir est toute une affaire.” 
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As the completed work is to cover 1,500 species, 
it is evident that it goes far beyond the bounds of 
official medicine. The latitude taken allows the 
author to guide his readers through many entertaining 
by-ways of phytotherapeutic knowledge. It allows 
him to bring in the successful practitioner of Lyons 
who, having built himself a house, inscribed above the 
door, ‘“‘Les concombres et les melons M’ont fait batir 
cette maison”, and to recall the seventeenth-century 
executioner who, being of a tender heart, was unable 
to perform his duties until he had chewed a little 
catmint, “thanks to which, he was instantly seized 
with fury” and thirsted for blood. 

Properties, methods of use and, where necessary 
as with garlic, drawbacks are also described at length. 
Anyone interested in the lore of medicinal plants can- 
not fail to derive both pleasure and profit from these 
pages, whether he is prepared to subscribe to their 
general background or prefers to leave it where it 
belongs. W. O. JAMES 


‘OPEN SYSTEMS’ IN PHYSICS AND 
BIOLOGY 


Etude thermodynamique des phénomeénes irréver- 
sibles 
Par 1. Prigogine. Pp. ix+ 143. (Paris : 
Liége: Editions Desoer, 1947.) 
oN pamn 1934, the present reviewer has advanced the 
conception of the organism as an ‘open system’. 
So far, physical chemistry has been concerned almost 
exclusively with reactions and equilibria in closed 
systems, while living organisms are open systems, 
maintaining themselves in a continuous exchange of 
materials with environment. We have stressed the 
necessity for an extension of physical chemistry, 
stated kinetic principles, and demonstrated that the 
theory of open systems leads to the derivation of 
fundamental biological characteristics as well as to 
quantitative laws of biological phenomena’. It has 
also been emphasized that “according to definition, 
the second law of thermodynamics applies only to 
closed systems, it does not define the steady state”’. 
Prigogine’s work, devoted to the extension and 
generalization of thermodynamical theory, is of out- 
standing importance for physics as well as for biology. 
As the author states, “classical thermodynamics is 
an admirable, but fragmentary doctrine; this frag- 
mentary character results from the fact that it is 
applicable only to states of equilibrium in closed 
systems. Therefore, it is necessary to establish a broader 
theory, comprising states of non-equilibrium as well as 
those of equilibrium.” Starting, on one hand, from 
the concept of open systems, on the other, from 
thermodynamics of irreversible processes, founded by 
De Donder and the Brussels School and in his own 
previous work, Prigogine derives the generalized 
thermodynamics for the whole realm of physical 
chemistry, including chemical reactions, electro- 
chemistry, polythermic systems, diffusion, thermo- 
electricity, etc. These considerations lead to the 
solution of many problems where, as in electro- 
chemistry, osmotic pressure, thermodiffusion, Thom- 
son and Peltier effects, etc., classical theory has proved 
to be insufficient. We must restrict ourselves to 
mentioning a few of the most important, and partly 
revolutionary, consequences. Irreversible processes in 
open systems cannot be defined by entropy but only 
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by the approach of a minimum entropy production, 
Entropy may decrease in such systems; or, in othe 
words, such systems may spontaneously develop to. 
wards a state of greater heterogeneity and complexity. 
The far-reaching significance of this statement 
apparent, since it was often considered an essentia) 
difference between inanimate and animate Natup 
that, according to the second law, physical event 
appear to be directed towards a levelling down o 
differences and states of maximum disorder, while ip 
organic development and evolution a transitiop 
towards states of higher order and differentiatio, 
seems to occur. The principle of Le Chatelier applig 
not only to closed but also to open systems. Th 
consideration of irreversible phenomena leads to th 
conception of a thermodynamical, as opposed t 
astronomical, time. 

Prigogine’s pioneering work is @ most importan 
contribution towards new conceptions, the bearing o/ 
which on physics as well as on biology can scarcely 
be estimated. Not since de Vries’ and Pfeffer’s work 
on osmosis have essential developments of physical 
theory been instigated by biological considerations 
The new thermodynamics shows that it is necessan 
not only for biological theory to be based upo 
physics, but also that biological points of view ca 
open new pathways in physical theory as well. 

LUDWIG VON BERTALANFFY 
*v. Bertalanffy, L.. Naturwiss., 28. 522 (1940); “Theoretische Bio. 
logie”’. 3 (Berlin, 1942); further work by Burton, Spiegcimy 


and Reiner, Dehlinger and Wertz, Prigogine and Wiame, an 
others. 


PLASTICS ABSTRACTED 


The Science of Plastics 

A Comprehensive Source Book based on the Origins 
Literature for 1942-1946. Edited by H. Mark and 
E. 8S. Proskauer, with the collaboration of P. M 
Doty, V. J. Frilette and B. H. Zimm. Vol. 1. Pp 
vii+632. (New York and London: Interscience 
Publishers, Inc., 1948.) 54s. 


HIS book is rather unique in character and is « 

result of the rapid expansion of knowledge in 
one field of science during a period of very consider 
able transition (1942-46). In effect, it is a bound 
volume of abstracts. Since 1942 Interscience Pub 
lishers have issued a loose-leaf form of abstract 
known as Rubbers, Resins and Plastics covering both 
the scientific and, to some extent, the technologiea 
aspects of the subject. These abstracts are of partic 
ular value to the worker in high polymers general); 
for two reasons: (a) they are much more extensive 
than those found in any issued form of chemicd 
abstracts and include numerical results in considerabk 
detail ; (6) they cover a wider field than is normal} 
found in chemical abstracts, picking out materid 
from journals not normally read or accessible t 
those interested primarily in this science of high 
polymers. No doubt the success of these abstract 
and the difficulty of obtaining back numbers hav 
prompted the publishers to re-issue them in a mua 
more convenient form. Thus the abstracts have bee 
collected into systematic groups, so that the book 
takes on the character of a reference or source book 
of knowledge on these several topics. 

The properties and evaluation of plastics claim : 
third of the volume, and the physical chemistry 
high polymers in a state of equilibrium claim 
another third. The mechanism of polymerization 
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takes up a@ considerable fraction of the book, and 
there is finally a section labelled plastics engineering, 
an omnibus title that includes such diverse topics 
as plasticizers, laminates and radio-frequency heat- 
ing. Author and subject indexes conclude the volume. 

In view of the origin of the book, it will be seen 
that this volume is one for the active worker in the 
subject. The abstracts are concentrated digests of 
papers with a sufficiency of detail to make it un- 
necessary in many cases to look up the original 
literature if only the numerical results are required. 
The reader has naturally to use his own critical 
judgment of the value of the work. 

The letterpress of the volume has presumably been 
reproduced photographically from the loose-leaf 
abstracts; but the reproduction is of a high standard. 
As the publishers rightly remark, if the abstracts had 
been reset in type, the price of the book would have 
been much higher. Such a resetting is not really 
necessary in a book of this kind. A further volume 
is promised soon, dealing with specific types of high 
polymers. These volumes then can take their place 
with the abstract service of Rubbers, Resins and 
Plastics, starting in 1947. H. W. MELVILLE 
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BIRDS OF NANTUCKET 


The Birds of Nantucket 

By Ludlow Griscom and Edith V. Folger. (New 
England Bird Studies, 1.) Pp. xi+156+16 plates. 
(Cambridge, Mass.: Harvard University Press ; 
London: Oxford University Press, 1948.) 18s. net. 


HE island of Nantucket is some thirty miles off 
the southern coast of the State of Massachusetts, 
and has an area of about forty-five square miles. 
Various small islands, such as Tuckernuck and 
Muskeget, to the north-west are included in the area. 
The indigenous fauna consists of a few small mammals 
and some eight birds, so far as can be estimated from 
old records. The flora is likewise limited, but Scotch 
firs have been planted and the heather brought with 
them has become established in places. In sheltered 
hollows and near the towns there are deciduous trees. 
Formerly whaling and fishing vessels were based 
on the island. In the winter many of the fishermen 
shot wild fowl for the market, and from 1870 onward 
sportsmen came from the mainland to shoot. Before 
long, ducks and wading birds began to decrease 
seriously in numbers; but now there is little shooting— 
field-glasses are replacing guns. The island has to-day 
become a summer resort, and birds of all kinds are 
increasing in numbers again. In 1870 Brewster 
estimated that several thousands of common terns 
nested on the north coast of Nantucket; but four 
years later this colony was depleted. Plumage 
hunters are said to have killed 40,000 of these terns 
in one year. So much for human interference. But 
in 1890 Brewster computed that the common tern 
colony on Muskeget numbered 20,000 birds. A few 
years later these numbers had decreased, and gradu- 
ally the laughing gulls breeding there increased, so 
that by 1936 there were 30,000 of them. Then herring 
gulls also commenced to breed in the same area and 
by 1946 numbered 2,500, with a corresponding de- 
crease in the laughing gulls and terns. 

Owing to the exposed position of Nantucket the 
shoals and sandbanks around the island are continually 
shifting, and this seriously affects the feeding grounds 
of the diving ducks. Little spring migration is seen 
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on the island, though in the autumn considerable 
numbers of birds pass through. The authors con- 
sider that there is a large mortality among passerine 
birds in the autumn migration. They have observed 
a warbler start off from the south low over the sea, 
only to be overwhelmed by a large wave. Others 
are regularly noted on steamers as far as fifty miles 
out, and apparently must suffer the same fate. In 
the systematic list the status of each species is given 
in a comparative manner, definite counts are recorded 
where possible, and a point is made of stating what 
is not known about certain species. 

This interesting little work is illustrated with some 
beautiful photographs by Allan Cruickshank. 

N. B. KINNEAR 









FISHES AND FISHERIES OF THE 
GOLD COAST 


The Fishes and Fisheries of the Gold Coast 

By F. R. Irvine; with Illustrations and an Account 
of the Fishing Industry, by A. P. Brown, and Class- 
ification and Keys for the Identification of the Fishes, 
by the late J. R. Norman and by E. Trewavas. (Pub- 
lished on behalf of the Government of the Gold 
Coast.) Pp. xvi+352. (London: Crown Agents for 
the Colonies, 1947.) 68. net. 


HIS valuable book is based on collections 

originally made by the author for teaching pur- 
poses at Achimota College, near Accra. But, as the 
collection grew, interest in it spread both within and 
without the Gold Coast, and a more ambitious 
collection of named duplicates was built up. Most 
of the identifications were made by the late Mr. J. R. 
Norman and Miss E. Trewavas, of the British Museum 
(Natural History), from specimens sent to them there. 
Dr. F. R. Irvine was fortunate in also enlisting the 
help of his colleague, Mr. A. P. Brown, art master 
at the College, whose excellent drawings are a valu- 
able feature of the book. The arrangement is based 
on a systematic classification provided by Norman, 
who also prepared artificial keys to the families, 
genera and species. Both marine and freshwater 
fishes are included. The provision of vernacular 
names should prove of much value to future workers 
in the Gold Coast region. 

An important section of the book is devoted to a 
study of the fishing industry of the Labadi district, 
near Accra, and this is written by Brown. It is a 
most valuable contribution and may well be taken 
as a pattern by anyone making a similar study of 
native fisheries elsewhere. Another small section of 
the book is devoted to some of the larger and more 
important Gold Coast crustacea, most of which are 
edible and therefore appear on the markets. The 
descriptions are accompanied by excellent drawings 
and should make a useful basis for further and more 
detailed study of these animals in that region. Brief 
reference is also made to cetaceans, turtles and the 
African manatee. 

It seems a pity that the title, to most people, will 
not indicate the full scope of the book. Perhaps this 
can be corrected if another edition is called for—as 
it almost certainly will be when the West African 
Colonies become more fully opened up to com- 
mercial fishing and research, and more becomes known 
about the aquatic faunas of that great region. 

G. A. STEVEN 
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Les caféiers du globe 
Par Prof. Aug. Chevalier. Fascicule 3: Systématique 
des caféiers et faux-caféiers, maladies et insectes 
nuisibles. (Encyclopédie biologique, Tome 28.) Pp. 
357+-17 plates. (Paris: Paul Lechevalier, 1947.) 
1,000 francs. 

ASCICULE 3 of Prof. Aug. Chevalier’s mono- 

graphic work on the genus Coffea and allied 
genera contains a detailed account of the anatomy 
of some of the vegetative and reproductive parts, the 
genetics and variations, the geographical distribution, 
the systematics, and the diseases and pests of the 
plants concerned. All these matters are dealt with 
very fully, and a great deal of information is brought 
together in one volume. In the genus Coffea the 
basic chromosome number is eleven (as it is in the 
greater part of the Rubiacez). Most wild coffees and 
many cultivated ones have n = 11, but most cultiv- 
ated varieties of C. arabica are tetraploid; and 
triploid, hexaploid, and octoploid variants and 
hybrids have also been recorded. 

The systematic section is a long one, and the 
treatment accorded to Coffea illustrates the taxonomic 
difficulties met with in a genus composed of wild and 
cultivated plants. Coffea is divided into four main 
sections; but the subsection Mozambicoffea does not 
appear to be subordinated to any one of them. 
Within the four sections and the subsection sixty- 
four species (and one doubtful one) are recognized. 
Some of the species, for example, C. canephora and 
C. arabica, have numerous varieties. Some ‘races’ 
and some hybrids are also given binomials. The 
‘false coffees’ described or more briefly indicated in 
this work are species of the genera Pesilanthus, 
Psilanthopsis, Lachnastoma, Diplospora, Hypobathrum, 
Tricalysia, Belonophora, Chapelieria, Lemyrea, Fer- 
nelia, Cremaspora, Polyspheria, Plectronia and 
Randia, together with several other genera that have 
in the past been associated with Coffea. 

Insects and fungi are the worst enemies of coffee, 
particularly of the more valuable cultivated varieties 
under certain environmental conditions. The coffee 
rust (Hemileia vestatrix) is naturally dealt with at 
some length. W. B. TurrRity 


Biochemie der Leguminosen und Fouragepflanzen 


Von N. N. Iwanoff. Pp. vii+115. (Amsterdam : 


Dr. W. Junk, 1947.) n.p. 

N 1938, twelve publications appeared in Russian, 

each containing information collected from the 
available literature on the biochemistry of one of the 
following leguminous and fodder plants : peas, beans, 
soya beans, lentils, clover, sweet-clover, lucerne, 
lupin, timothy grass, sorghum, common vetch and 
chick pea. The book under review, which consists 
mainly of tables, was compiled from the information 
contained in these twelve publications by the late 
Prof. N. N. Ivanoff of Leningrad, who unfortunately 
died before the printing of the book was completed. 
The 327 tables, with a few explanatory notes, give 
the chemical composition of the above-mentioned 
leguminous and fodder plants, each table being 
accompanied by the relevant reference(s). Nitrogen 
(‘crude protein’), crude fibre, starch and/or other 
carbohydrates, fat and ash contents are given for all 
the plants mentioned, and, in addition, for most of 
them, figures are quoted giving the amino-acid con- 
tent of the protein(s), the composition of the ash, and 
analytical data on the fats. Data are also included 
showing the influence of different growth conditions 
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and plant varieties on the yield and chemical com. 
position of the fodder plants. More specialized 
information is not contained in this book, although 
for clover the hydrocyanic acid, and for lupin the 
alkaloid content are given, and some figures are quoted 
for carotene and vitamin C content of peas. 

The volume, published in German, is a useful 
collection of tabulated data, otherwise scattered jn 
journals published in different languages; but, 
although printed in 1947, the book includes no 
published information available since about 1938, 
The table of contents indicates the information con. 
tained in the tables, but the numbering of the pages 
in the book does not correspond to that given in this 
table, and unfortunately the book has no index. 

J.T 


The Rh Blood Groups and their Clinical Effects 
By Dr. P. L. Mollison, Dr. R. E. Mourant and Dr. 
R. R. Race. (Medical Research Council Memorandum 
No. 19.) Pp. 74. (London: H.M. Stationery Office, 
1948.) ls. 6d. 


QUESTION one is frequently asked is “Where 

can I read about Rh?’’; but up to date it 
was difficult to know how to advise the questioner, 
since he may be a medical practitioner, laboratory 
worker or a geneticist. The Medical Research Council 
memorandum fulfils, therefore, a great need. The 
first part deals with the Rh groups, and a description 
of the various sub-groups and the different Rh anti- 
bodies is given. The triple-gene theory of R. A. 
Fisher and the CDE/cde nomenclature arising there- 
from are explained. This theory has been sub. 
stantiated by all recent work, and a thorough know- 
ledge of it is essential for a complete understanding 
of the Rh group. The second part details clinical 
considerations, the importance of Rh in blood 
transfusions, and the diagnosis and treatment of 
hemolytic disease of the newly born. 

The last section of the memorandum concerns 
itself with Rh testing, and several methods of typing 
cells and testing sera for antibodies are described. 
The reader intending to carry out Rh testing, how- 
ever, should not gain a false sense of security from 
reading this manual, since, in order to obtain con- 
sistently accurate results, considerable experience is 
required ; and one would have liked to have seen 
expressed a more definite opinion with regard to the 
value of scme of the techniques described and more 
stress laid on the necessity for controls. This 
memorandum is the most clear, concise and author- 
itative exposition of the present state of knowledge 
so far published, and all who are interested in this 
subject should read it. F. Srratron 


Surveying 

Instruments and Methods for Surveys of Limited 
Extent. By Assoc. Prof. Philip Kissam. Pp. xi-+- 384. 
(New York and London: McGraw-Hill Book Co., 
Inc., 1947.) 17s. 6d. 


HE author states that this little book has been 

written to provide a text-book for a short course 
in surveying for students of all branches of engineer- 
ing, and that the material presented differs from 
that normally found in surveying text-books, in that 
there has been complete re-arrangement and rejection 
of some subjects usually covered. The scope is that 
of the requirement of the engineer for surveying, in 
connexion particularly with the construction and 
expansion of works, and of the employment of sur- 
veying techniques for setting out in shop-practice— 





I. 


al com. 
cialized 
Ithough 
pin the 
quoted 
. usefyl 
ered in 
; but, 
des no 
b 1938, 
on con. 
e pages 


in this 


fects 

nd Dr, 

andum 
Office, 


‘Where 
late it 
tioner, 
ratory 
Jouncil 

The 
ription 
h anti- 
R. A. 
there- 
1 sub- 
know- 
anding 
linical 
blood 
nt of 


ncerns 
typing 
ribed. 
_ how- 
+ from 
1 con- 
nce is 
> seen 
to the 
more 
This 
uthor- 
vledge 
n this 
TON 


mited 
+ 384. 


ae 


been 


from 


March 12, 1949 


No. 4/4! 


for example, aircraft assembly, or preliminary 
bridge-assembly. 

From this aspect the fundamental principles and 
details of surveying, as applied to American practice 
and with American instruments, are carefully and 
thoroughly described ; perhaps here and there with 
a touch of the obvious. The book would be suitable 
for use with a general survey course for mechanical, 
electrical, chemical and aeronautical engineers, who 
may have to apply elementary surveying; but it is 
perhaps rather narrow for a first civil engineering 
course. Nevertheless, the information it contains 
regarding the use of survey techniques in assembly 
shops, ete., should be of considerable interest to 
structural engineers. Only American instruments are 
illustrated, and many of those described in detail are 
of types now abandoned in British and West European 
practice. Thus the theodolite description is limited 
to four-screw instruments, of which very few remain 
in use in Great Britain, and no mention is made of 
modern optical types, which are of the greatest value, 
not only in field surveying but also for precise setting 
out in the shops. 

The book is well presented, contains a wealth of 
practical detail, and excellent sketches, and at the 
end there are some 120 pages of tables providing all 
the information necessary for computation of the 
type of surveying described in the book. It should 
prove of great value to engineers whose surveying is 
likely to be limited to that carried out in connexion 
with industrial works and who wish to apply it 
accordingly. C.A.H. 


Standard Valves 
Pp. 328. (London: Standard Telephones and 
Cables, Ltd., 1947.) 15s. 


HIS is a useful handbook and high-class bound 

catalogue of valves manufactured by Standard 
Telephone and Cables, Ltd. Broadcast receiver 
valves which are products of the firm’s Brimar Valve 
Division are not included. Valves are classified as 
preferred, current, maintenance and obsolete ; only 
the first two types are covered by the handbook. 
There is a section on general information, covering, 
among other items, definitions, recommendations on 
cooling of valves, valve bases and codings. The 
technical data sheets include dimensioned sketches, 
average characteristic curves and numerical operating 
data. The range is extensive and, in addition to 
conventional valves, includes cathode ray tubes, cold- 
cathode relays, velocity-modulated tubes and a 
double-disk-seal ultra-high-frequency triode. CV 
codes are given where appropriate. Additional loose 
data-sheets are to be issued later, but no facilities 
are provided for including these in the handbook. 


Education for Professional Responsibility 

A Report of the Proceedings of the Inter-Professions 

Conference on Education for Professional Responsi- 

bility held at Buck Hill Falls, Pennsylvania, April 

12, 13 and 14, 1948. Pp. x+207. (Pittsburgh, Pa. : 

Carnegie Press, 1948.) n.p. 

B® JAUSE it has become increasingly clear that 
the major problems of professional education are 


common to all professions, in April 1948 a group of 
university teachers in faculties of divinity, medicine, 
law, engineering and business in America met at 
Buck Hill Falls, Pennsylvania, to discuss experiences 
derived from their different occupations. 

In order to give ample scope for discussion, the 
conference was deliberately limited in size, and to it 
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was invited only those with declared interest in 
improving professional education. Three sessions 
were arranged, the first dealing with the objectives 
of professional education, the second with the content 
and methods of professional instruction and the third 
with humanistic and social education as preparation 
for professional responsibility and citizenship. Each 
of these aspects of professional education was con- 
siriered in turn by a representative of each of the 
faculties invited to the conference, and all speakers 
were asked to draw from actual experience for 
presentation of their views. This made the con- 
ference necessarily limited in objective, but also led 
to some refreshingly practical statements which 
should be of value to all who are concerned with the 
direction of higher education. 

These statements have now been set down in book 
form and merit close study. While it is invidious to 
pick out particular essays, those by R. D. Collins on 
“‘Aims of Business Education’’, Prof. John Romano 
on “The Physician as a Comprehensive Human 
Biologist” and Prof. Elliott Dunlap Smith on “The 
Education of Professional Students for Citizenship” 
are especially noteworthy. _@ i & 


The Right Way to Keep Dogs 
By R. C. G. Haneock. (Right Way Books.) Pp. 111. 
(London : Rolls House Publishing Co., Ltd., n.d.) 5s. 


AJOR R. C. G. HANCOCK, well known to a 

vast public as the ‘radio vet.’, has achieved a 
masterpiece of compression in this little book. Within 
the space of 111 pages—small pages with large type- 
he has covered all that the amateur needs to know 
about keeping a dog. Feeding, housing, training, 
breeding and showing are all discussed briefly but 
adequately. There is an excellent chapter on disease, 
and the proper use of the medicine cupboard is wisely 
stressed. He has even found space to deal with the 
immense question of choosing a dog, and he has not 
omitted some mention of the dog in relation to the 
law. Inevitably the first chapter on the natural his- 
tory of the dog is the least satisfactory, for that is 
really a little too ambitious for a book of this size. 
Nevertheless, Major Hancock has concentrated on 
the most important points, even though they gain a 
little in importance through isolation. An excellent 
book which can be thoroughly recommended. 


Récits Bara 

Par Jacques Faublée. (Université de Paris : Travaux 
et mémoires de |’Institut d’Ethnologie, Tome 48.) 
Pp. 537. (Paris: Institut d’Ethnologie, 1947.) 700 
francs. 


HESE stories were collected by the author during 

a period covering nearly three years and were 
told tc him by Bara of various ages and classes. 
They are the traditional tales of the country and 
may be told by anyone; but the usual narrator is an 
old man who amuses his audience at the same time 
as he instructs them in traditional behaviour. While 
the stories themselves remain constant, the tunes to 
which they are sung vary, and since 1900 a consider- 
able change in the accompaniments has been noted. 
The tales may illustrate ritual or other customs, or 
may be what we should call entirely mythical, 
though the natives themselves ap to make no 
distinction between them in credibility. In this volume 
the stories are arranged and classified, and there are 
two maps showing the extent of the knowledge of the 
Malagaches dialect and of the tales themselves. 

K. R. 





388 


USE OF RADIOACTIVE TRACERS 


NATURE 


March 12, 1949 Vol. 143 


IN BIOLOGICAL RESEARCH 


By Pror. F. A. PANETH, F.R.S. 
Radiochemical Laboratory, University of Durham 


F a chemist is asked to report on the use of the 

new tracer technique in biology, it is obvious that 
he is expected not to discuss the scientific problems, 
but the laboratory technique. The direction of the 
whole work, from the first planning of the experi- 
ments to the final interpretation of the results, must 
lie in the hands of the biologist, and all that a 
chemist or, for that matter, a physicist or technician, 
can hope to contribute is advice as to the most 
efficient use of tools of research which may be un- 
familiar to the biologist. The ideal organisation for 
such a task is a team of scientific workers ; it will be 
the more efficient the better the biologists and their 
helpers understand each others’ points of view. This 
survey is meant as a contribution from the side of 
radiochemistry to such mutual understanding. 

The introduction of tracer methods into science 
has been likened to the invention of the microscope 
in the seventeenth century. One can scarcely imagine 
anyone writing to-day about “The Use of the Micro- 
scope in Biological Research” ; but that was largely 
the subject of Robert Hooke’s “‘Micrographia”’ and 
of Leeuwenhoek’s rambling letters to the Royal 
Society. If the power of a new technique is to be 
demonstrated, one must try to show its applicability 
to various scientific problems instead of concentrating 
on the thorough discussion of one of them; the 
desultory character of such writings can scarcely 
be avoided and will, it is hoped, not be too much 
felt in this commentary on the tracer technique. 

The first tracer experiment was carried out in the 
Vienna Radium Institute as early as 1913; it was, 
however, only ten years later that G. de Hevesy 
used a radioactive indicator in the investigation of a 
biological problem ; he studied the distribution of lead 
in a plant growing in a solution containing active 
lead. The choice of lead was dictated by the very 
limited number of suitable radioactive tracers avail- 
able in those days; but lead is not one of the 
elements the uptake of which by a plant we are 
particularly anxious to study, and the very fact that 
the experiment was nevertheless undertaken shows 
how clearly its author had realized the potential 
importance of the tracer method for biology. 

Only after the discovery of artificial radioactivity 
in 1934, and the production from then on of active 
isotopes of a great number of lighter elements, could 
biological research make full use of the tracer tech- 
nique. About the same time methods were developed 
also for the separation of inactive isotopes, as, for 
example, oxygen of atomic weight 18, or nitrogen of 
atomic weight 15, which can often be used as indi- 
cators in the same way as the radioactive nuclides 
(atomic species). The method of their detection is 
different, usually more difficult—as it needs often a 
mass spectroscopic analysis—and less sensitive. But 
the basic principle of ‘labelling’ an element by the 
addition of an isotope is the same, and much im- 
portant tracer work in biology has been carried out 
with inactive isotopes by R. Schoenheimer, D. 
Rittenberg and others. 
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Radioactive tracers can be useful in three differen 
groups of experiments. With their help we cap 
detect : extremely small quantities of a substance; 
extremely small fractions of a given substance ; and 
the exchange of molecules or atoms of identical 
chemical properties. In this third group of experi. 
ments inactive tracers can very often take the place 
of radioactive tracers; in this survey, however, we 
shall only occasionally refer to isotopic tracers in this 
wider sense of the word. 

To-day the biologist is in the fortunate position of 
being able to choose from the large variety of radio. 
active tracers which are offered in Great Britain by 
the Atomic Energy Research Establishment, in 
Canada by the National Research Council, and in the 
United States by the Atomic Energy Commission. 
The accompanying table comprises the most im. 
portant of these tracers. 
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In judging the suitability of tracers, the biologist 
will have to consider above all their half-lives (shown 
in the table). Remembering that, after the lapse of 
ten half-value periods, less than 1 per mille of the 
active substance is left, he will try to find a tracer 
with a half-life comparable to the duration of the 
experiment planned. Next he will have to calculate 
the degree of dilution his tracer is likely to undergo; 
his scientific collaborators will then be able to tel 
him how much activity has to be used at the start, 
taking into account the character of the rays emitted. 
Finally, the necessary specific activity (that is to 
say, number of disintegrations per second per gram 
of substance) will have to be discussed. In general, 
the biologist will be in favour of the highest obtain- 
able specific activity, as there is always the danger 
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that the introduction of weighable quantities of a 
chemical may create non-physiological conditions ; 
but he should not demand more than seems really 
necessary, as the insistence on high specific 
yetivity—perhaps even on a ‘carrier-free’ radioactive 
racer—is likely to make the task of its preparation 
much more difficult for the nuclear physicist and the 
chemist. It is the latter’s job to separate the tracer 
nuclide chemically, after it has been produced by the 
fgsion process of uranium, or by the bombardment 
of stable elements with neutrons or deuterons. This 
analytical-chemical separation can often be con- 
siderably simplified if a small amount of the stable 
isotope is added; such a process is, however, 
irreversible and results in the permanent lowering of 
the specific activity. If the biologist thinks he must 
insist on the avoidance of this dilution, he will have 
to tell the chemist whether any other element may 
be added as a carrier, and in what quantity. Any 
non-isotopic element can, at least in principle, be 
removed again, and thus the specific activity in- 
creased . 

It has always to be kept in mind that a radioactive 
tracer introduced into a biological system may also 
cause some alterations owing to its rays. For this 
reason the necessary total activity discussed above 
should not be much exceeded ; nor should, at least 
in experiments on humans, the half-life of the radio- 
nuclide be of a higher order than the duration of the 
experiment, as it is very inadvisable to introduce any 
permanent activity. During recent years there has 
been a tendency on the side of medical men to reduce 
more and more the limit of tolerance for radioactive 
rays. In plants, too, it can be surprisingly low ; it 
has been found that as little as 10 microcuries of 
phosphorus-32 in 1 litre of the culture solution may 
impede the normal development of the roots. If 
there is any suspicion that the rays of the radioactive 
tracer might have influenced the experiment, it will 
be extremely useful to apply a check by means of an 
inactive isotopic tracer, using, for example, carbon-13 
alternately with carbon-14. 

Before the biological experiment can get under 
way, it will frequently be necessary for the chemist 
to introduce the radio-nuclide into a particular 
organic substance. Such syntheses may be difficult, 
not only because the quantities to be handled are 
very small, but also because the radioactive material 
is so valuable that the chemist must try to get as 
nearly as possible the whole of it incorporated in the 
desired molecule and, inside the molecule, in the right 
place. Elegant methods have been developed, for 
example, for the labelling in an organic acid of either 
the carbon atom in the carboxyl group or, altern- 
atively, the carbon atom in the «-position ; or again, 
for quantitatively converting carbon dioxide—in 
which form the nuclide carbon-14 is usually delivered 
—into organic compounds more suitable for biological 
experiments. It is very gratifying that the United 
States Atomic Energy Commission is offering some 
tracer elements already in compounds which the 
biologist can utilize more easily; for example, 
carbon-14 in the sodium salt of several aliphatic 
acids, in steroid hormones, testosterone, etc. 

A further difficulty may arise from the short life 
of the radioelement, which may compel the chemist 
to give preference to a quick-working procedure even 
if the yield is poor. Let us assume that we have to 
deal with a substance of half-life one hour, and that 
& satisfactory organic synthesis (100 per cent yield) 
would take 10 hours, while a very indifferent one 


No. 414! 












different 

we can 
ibstance ; 
ice ; and 
identical 
f experi 
the place 
ever, we 
rs in this 














sition of 
of radio 
ritain by 
nent, ip 
id in the 
mission 
0st im 








































NATURE 





389 





(10 per cent yield) can be carried out in one hour. 
The first method would give us less than 1 per mille 
of the desired product, the second 5 per cent. 

In some cases no skill of the chemist will be able 
to label a molecule just in the place where the 
biologist would like it, at least not permanently. A 
limit may be set by the ordinary chemical mobility 
of the atoms; usually the chemist will be able to 
give a warning as to the positions where exchange 
reactions may take place and give spurious results. 
There is also the possibility that the desired molecule 
is so complicated that its synthesis has not yet been 
achieved. Some substances of great biological 
importance belong to this group, for example, 
digitalis, insulin or penicillin. Fortunately, the 
biologist will in certain cases be satisfied with the 
second-best solution, that is to say, with a molecule 
which is radioactively labelled but in which the 
exact place of the radio-nuclide is not known. By 
forgoing this latter condition, the biologist makes it 
possible for us to use a variety of biological methods 
for the synthesis of tracer substances. We can, for 
example, grow plants in an atmosphere of carbon 
dioxide which is enriched in carbon-14 ; animals can 
be fed on these plants, and their excretion products 
may be used as fertilizers. The name ‘isotope 
farming’ has quite aptly been used for this process. 
If we have started with young plants and animals, 
we can be sure that the carbon-14 will be uniformly 
distributed throughout their carbon content, and 
there is scarcely any substance in the animal or 
vegetable kingdom which we may not hope to 
obtain in this or a similar way in a radioactive form. 
Thus the red blood corpuscles of ‘donors’ have been 
labelled with both iron-55 and -59 by simply injecting 
these radio-nuclides intravenously. 

After completion of the biological experiment, the 
chemist’s services will usually be needed for the 
analysis of some organs. It is true that in some 
favourable cases the distribution of the radioactive 
tracer can be followed up from outside the organism 
by measuring its y-rays ; such experiments are quite 
spectacular and can be used for medical diagnoses ; 
in most cases, however, a §-radiation has to be 
investigated, and that means the careful removal of 
tissues and often the chemical extraction of bio- 
chemical substances. 

It seems appropriate to mention here a very 
general analytical procedure, ‘analysis by isotopic 
dilution’, although it is not strictly speaking a tracer 
method, since it introduces the radioactive material 
for analytical purposes after the experiment is com- 
pleted. The method can be of great help in all such 
cases where a quantitative determination of a 
substance seems to demand its complete extraction 
in a pure state. These two conditions are often more 
or less mutually exclusive, as, for example, if one 
particular member of an organic homologous series 
is to be extracted ; losses are unavoidable if satis- 
factory purification has to be achieved. However, if 
we mix with the substance in question a known 
quantity of an isotopic substance of measured specific 
radioactivity, this activity will be reduced to a degree 
dependent on the quantity of the original substance 
present, and it will then be sufficient to separate only 
a fraction of the mixture in a pure state in order to 
calculate this amount. Let us assume that g gm. of 
specific activity s, are added to the x gm. originally 
present, and that, after careful mixing, the specific 
activity has been reduced to s,. The specific activities 
must be inversely proportional to the masses in which 
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the constant amount of activity is distributed ; 
hence s,: 8s, = g:(g + 2%), or 

8, — 4 

a g 3 . 

From this simple formula it is clear that for finding 
x, only s, has to be measured; and as this can be 
done in any unknown fraction of the total mixture, 
quantitative extraction is no longer demanded. On 
a limited scale, analysis by isotopic dilution was used 
already in 1927 by R. Ehrenberg in his ‘radiometric 
micro-analysis’ and has more recently found wide 
application in the hands of H. H. Ussing and others. 
Inactive isotopes can, of course, be used equally well 
as radioactive ones, and one of the most impressive 
applications, the determination of oxygen in organic 
substances, has been made with oxygen-18. 

The number of biological researches in which radio- 
active tracers have been used to great advantage is 
already so vast that we cannot attempt even to 
enumerate all the principal subjects. Let us mention 
just a few outstanding ones'. Radioactive hydrogen 
(tritium) and carbon-11 and -14 have been employed 
in the study of photosynthesis, and radioactive 
sodium, potassium and chlorine in the study of the 
permeability of cell membranes in animals and 
plants ; radioactive iron has been used to measure 
the average life-times of red blood corpuscles and to 
follow up their fate in stored blood. Radioactive 
phosphorus helped in exploring the mechanism of the 
fertilization of the soil and of the metabolism of 
teeth. One of the best studied tracers is radioiodine ; 
it has long been known that this element is con- 
centrated in the thyroid gland, but tracer methods 
helped very considerably in a deeper understanding 
of the building up of the two main constituents of 
the hormone and of the influence that the removal of 
the thyroid and pituitary glands has on their pro- 
duction. The metabolism of the bone salt has been 
studied with the help of radioactive calcium, strontium 
and plutonium. Since it has become known that 
beryllium can be highly toxic, the exact mapping of 
its distribution in the body by means of its active 
isotope beryllium-7 is important. 

Before concluding, I should like to direct attention 
to a biological tracer experiment which Nature 
carries out constantly and on a scale infinitely greater 
than anything attempted by man. The most im- 
portant element in organic life is carbon, and it is 
just this element which Nature labels by the admix- 
ture of carbon-14 wherever it occurs in biological 
processes. This isotope has a half-life of about 5,000 
years; it can be produced in uranium piles by the 
impact of neutrons on a nitrogenous substance : 

ON + I4n > ™,C + ',H. 

The same nuclear process goes on in the highest 
layers of the atmosphere under the influence of the 
neutron-containing cosmic rays; the carbon atoms 
then combine with the oxygen of the atmosphere to 
give carbon monoxide and dioxide. As we now know 
that the atmosphere, contrary to earlier views, is so 
efficiently mixed up by winds that its composition is 
practically uniform throughout its height, we must 
expect the carbon dioxide everywhere on the earth’s 
surface to contain the same amount of the long-lived 
radioelement carbon-14; measurements by W. F. 
Libby and A. V. Grosse—which are difficult owing to 
the weakness of the activity—have confirmed this. 

The biological implications are obvious. Any plant, 
by assimilation of the atmospheric carbon dioxide, 
incorporates also the small percentage of carbon-14, 
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and from there it gets into the bodies of animals and 
men; but its life-time is limited. In coal and oil 
deposits of considerable geological age, the activity 
must have vanished; it was thus according to 
expectation when it was found that methane from 
oil-fields is inactive, but that methane from a sewage 
disposal plant contains the standard amount of 
carbon-14. The same difference was found between 
alcohol from coal and alcohol from grain. Determ. 
inations of the age of bones (measured in thousands 
of years) seem possible in principle, but involve, 
among other things, assumptions about the constaney 
of the cosm*; radiation about which we cannot bh 
too sure. To-day, however, any carbon participating 
in the life-cycle is labelled; the old distinction 
between ‘organic’ and ‘inorganic’ chemistry, which 
has passed through so many phases, seems again to 
have acquired a new meaning. 


* References to the original papers can be found in the surveys by 
Kamen, M. D., “Radioactive Tracers in B 


Ss : Sociét 

wes, 1948); Fourth and Fifth Semi-annu! 

U.S. Atomic Energy Commission (Washington 

D.C.: U.S. Government Printing Office, 1948 and 1949). The 
vast predominance of biological experiments in to-day’s appli 
cations of the tracer technique may be contrasted with th 
wey tmmnaae years ago; see Paneth, F. A., Nature, 1 


METHODOLOGY OF SCIENCE IN 
THE SERVICE OF THE ARTS 


By F. |. G. RAWLINS 
National Gallery 


HIS title is intended to be distributive, in that 

its object is to introduce an examination of the 
methodology of ‘science in the service of the arts’, 
rather than the methodology of science ‘in the service 
of the arts’. The implication is that there is, in fact, 
an activity recognizable in the sense of the first of 
these phrases. We are not concerned with a dis. 
cussion of this point: the existence of such labora. 
tories as those at the British Museum, the National 
Gallery, the Courtauld Institute (University of 
London), the Fogg Museum (Harvard University), 
the Museum of Fine Arts, Boston, U.S.A., and the 
Central Laboratory of the Belgian Museums (Brussels), 
is enough to decide this elemental question. Further, 
and in so far as the present theme has much in 
common with the theory of knowledge, the work 
carried on at the Warburg Institute, London, and at 
the Dumbarton Oaks Research Library, Washington, 
D.C., is relevant. These studies are iconographical 
and historical in the scientific sense. They constitute 
an essentially methodological framework and outlook. 
The position is not wholly unlike that underlying 
the use of statistical and analytical processes in the 
social sciences. Here, without a doubt, the basis must 
be a sound methodology coupled with an acute 
appraisal of what can and what cannot ethically be 
done. In the immediate context much the same 
applies ; fundamental mistakes have arisen in con- 
sequence of the assumption that laboratory tools can 
answer questions of style and taste. Such an outlook 
is manifestly absurd. Not only can no reply be ex- 
pected ; even some harm may be done to the cause 
of scientific method itself. One way to reduce, and 
perhaps largely to eliminate, this risk is to plan lab- 
oratory work deliberately upon first principles (in- 
cluding a generous use of historical perspective), 
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introducing the special cases to be dealt with as they 
sme along. By these means, the temptation to use 
the natural sciences as a ‘new toy’ (just to see what 
they can do) is kept in check. 

An example is the use of X-rays to help in the task 
of attribution of a painting. At one time this per- 
formance was quite popular, not only among experts, 
but even in courts of law. With little understanding 
of what X-radiation is, and still less of the complex 
nature of its transmission through a stratified mani- 
fold such as a picture, confident assertions were made 
that such-and-such was the work of a certain master. 
and that something else rather like it was the effort 
of a student, or even perhaps a forgery. 

In a recent instance, radiography proved exceed- 
ingly powerful, first in showing that certain pictures 
were executed over older painted canvases, and 
secondly in demonstrating the existence of two 
systems of fissures, one due to the contraction of the 
original paint and ground, and another characteristic 
of the recently applied visual design. Such an in- 
vestigation reveals no confusion of purpose; what 
was sought for were matters of fact. For example, 
was or was not the ‘picture’ as commonly observed 
contemporary with the canvas upon which it was 
painted? The answer was in the negative; but 
radiography alone offered no opinion about who 
painted it. 

The legitimate uses and limitations of the scientific 
method are thus perfectly clear. It is the task of 
others, pressing towards the truth maybe by other 
paths, to attempt a solution of the problem of 
attribution. Their own particular methodology is 
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partly statistical (however unconscious), in that they 
weigh in their minds a large number of paintings 
known on independent data to be by a certain person, 


and ‘balance’ them against the sample. Partly, too, 
the scheme is wsthetic, in that appeal is made to a 
trained judgment upon the presumed artist’s sense 
of beauty, composition and fitness. 

Thus, we are gradually becoming aware of the 
strivings going on to produce a new esthetics; not 
an activity in any way at variance with the tradi- 
tional discipline, but something at once more objective 
and, in the psychological sense, more highly integrated. 

This means a greater emphasis upon experimental 
methods, quantitative wherever possible, and less 
perhaps upon abstractions relating to the nature of 
the sublime. Baumgarten’s introduction of the term 
‘esthetics’ in the middle of the eighteenth century 
made it obvious that its aim was the quest for 
beauty, whereas that of logic was the quest for 
truth. In any system of methodology, however, it is 
ultimately the resolving power of the mind, and to 
what limits we are prepared to press it in the search 
for truth, which matters. 

The point at which an integrated esthetics can 
become confluent with much of scientific method is 
that at which descriptive and classificatory principles 
begin to emerge. It is probably not an accident that 
much the same criterion applies in focusing epistemo- 
logical illumination upon the special problems of the 
social sciences. For they, in their turn, have con- 
ditioned (or at least the raw material out of which 
they are fashioned has conditioned) much of our 
cultural heritage, which we are now beginning to use 
as documents for a methodology in this particular 
field, namely, the scientific aspects of the arts. That 
some success, however limited, has already attended 
the introduction of the Gestalt-concept into the teach- 
ing of design is perhaps not without significance. 
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Historical Development : a Study in Morpho- 
genesis 


One has only to contemplate the majesty of the 
Athenian acropolis as it once was to become con- 
vinced that the Greek genius for form was allied to, 
and to some extent inseparable from, its outstanding 
accomplishments in mathematics. The same coupling 
appeared in a much attenuated form centuries later 
when the Tuscan algebraist Pacioli brought Leonardo 
da Vinci to think about ratios, and to study abstract 
quantity. Pacioli was no genius; he has bequeathed 
some interesting thoughts in his “Divina Propor- 
tione”’, and he compiled what might fairly be called 
a standard text-book of mathematics. Nevertheless, 
he was a close friend of Leonardo (who designed the 
illustrations for his book, published in Venice in 
1509), and a natural inference is that his manipulative 
skill—modest as indeed it was—was enough to 
encourage the great artist to turn towards the study 
of natural law. Vietd, some half a century later, in 
developing a true sense of algebraic form, paved the 
way for that liberal species of thinking which in time 
led up to the foundation of a deliberate subject of 
esthetics. The influence of environment in all this is 
naturally by no means negligible. John Kuskin’s 
essay, “The T'wo Boyhoods’”', depicts the youthful 
Giorgione under his Italian sun, and Turner in Soho 
and on Wapping Old Stairs. So far as their art is 
concerned, the contrast is more than a particularly 
effective literary device ; it is an example of morpho- 
genesis in action, clear enough to satisfy any 
functional biologist. 

One is thus constrained to seek a unifying prin- 
ciple, as mankind, in spite of many lamentable 
failures, has struggled on in purposeful eifort to 
realize the beautiful. It is here that methodology is 
at some slight advantage in view of the possibility of 
making qualitative criteria at least semi-quantitative. 
Broadly, the unifying factor seems to be symmetry : 
it is as if our morphogenetic plan started with a 
triclinic crystal, and culminated in a cubic one, a 
continuous increase in symmetry. Just as solids 
exist which have no symmetry whatsoever, so are 
some objects utterly devoid of beauty. The interesting 
moment, however, is when at least one element of 
symmetry can be envisaged, and the human mind 
grasps the conceivability of advance towards the 
highest types of organisation. In this connexion it is 
tempting to ask what is the nature and position of 
amorphous systems in such a hierarchy. Are they 
for ever outside the range of xsthetic significance ? 
Most likely in themselves they are; but not ‘for 
ever’, in consequence of their capacity, under certain 
extreme physical conditions, to crystallize, and so to 
begin the steep ascent to perfection. In Aristotelian 
terms, common clay is in potency to pass into 
entelechy as the sapphire. 

Intellectually—and this is important for the formal 
aspect of all methodologies—the same coercive im- 
pact upon abstract problems, the solution of which 
is at present unknown, is necessary if thought (and 
mental mastery) is to crystallize out as new know- 
ledge. Itis the ‘logical pressure’ demanded by Milne? in 
his work upon an adequate epistemology of physics. 

The metastable and labile states of matter exhibit 
& suggestive parallel here. The status quo is obstin- 
ately maintained until the system is so completely 
out of energy-balance with thermodynamic necessity 
that change of state comes about imperatively. 
Correspondingly, man’s course has at times been set 
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towards new zsthetic states, which are, in the event, 
only achieved convulsively, when the compelling 
effect of creative drive and social conditions together 
provide the minimum of ‘requiredness’, Again, as in 
physics, a remarkable degree of ‘supercooling’ can 
be tolerated so long as disturbance, either psycho- 
logical or by the infiltration of new ideas, is avoided. 
An example can be seen at Barnack. Here the mix- 
ture of styles, Norman and Early English in the 
nave of the parish church, is due to the remote loca- 
tion: the trend of architectural design was unknown 
in its entirety, and thus a hybrid resulted. Cases of 
this kind must be distinguished from the forced com- 
pliance with a new technique which is known to have 
been brought about at various places in Europe by 
the invasion of neighbouring tribes. Alternatively, 
direction from a powerful centre, as in Carolingian 
times, may have occurred. 

The analogue of ‘logical pressure’ may be expected 
to set in sooner or later. ‘his would be an. ‘wsthetic 
pressure’, the goal of which might be the discovery 
of new forms of beauty, corresponding to the search 
for new manifestations of truth. We shall discuss 
in the next section what this may involve; for the 
moment, our task is predominantly historical. Here 
we may point out that much semi-conscious thought 
has evidently been devoted to speculation about new 
types of beauty in the past. The result is seen in the 
transitional nature of architecture (as already de- 
scribed), and in the gradual evolution of ceramics. 
More theoretically, the perspective of Andrea Pozzo, 
who was born in the same year as Newton, demon- 
strates morphoplastically how the Italian tradition 
gave place to the baroque as the scientific activity of 
the kenaissance provided facts upon which to rear 
the edifice of deliberate three-dimensional ‘effects’, 
superposed upon a standard two-dimensional con- 
tinuum. 

Here, the influence of technique becomes notice- 
able, in its effect upon esthetic advance. Broadly, the 
power of the craftsman over his materials has in- 
creased with the centuries. At the same time, new 
substances (for example, coal-tar colorants and 
thermoplastic polymers) have been placed in his 
hands by the labours of the chemists. Thus the 
possibility, though not necessarily the actuality, of 
artistic expression tends to increase, and with it the 
need for methodological control, or at least for some 
intellectual restraint. The position at the moment is 
difficult to assess, with any degree of confidence. 
Emphasis upon functional design (for example, 
factories, laboratories, and so forth) tends almost 
automatically to the negative virtue of the suppression 
of superfiuous ornament. At the same time, it seems, 
never have we been less sure of ourselves, and there- 
fore less willing to venture and experiment with new 
forms of expression. The same semi-Puritanical 
touch may be observed in other fields, leading to a 
kind of starvation of ritual and all that it implies. 

A condition of neutral equilibrium seems to have 
set in, which may well be connected with the absence 
of ‘glory’ from the modern world, so poignantly ex- 
pressed by Lord Russell in one of his Keith Lectures. 


Some Axiological Considerations 


The hope was once expressed by Whitehead that 
eventually zsthetics, ethics and even theology might 
be brought within the scope of symbolic logic. In so 
far as such an all-embracing scheme might be com- 
petent to achieve what, in principle (perhaps even 
in faith), Descartes and Leibniz viewed as from the 
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summit of Mount Pizgah, we cannot but welcome it. 
But what exactly,is it expected todo ? Any method. 
ology applicable, through science, to the arts must 
clearly take account of value. It is precisely the lack 
of such a provision which rules out traditional 
Cartesianism, and indeed makes it wholly inaccept. 
able in ‘meta-situations’, wherein human creative. 
ness is most active. But modern (non-Aristotelian) 
logic is capable of doing exactly what is wanted, 
namely, to lift wsthetics (and the axiologica! core 
embedded in it) out of the bog of controversy, and 
to set it firmly upon a rational basis. This, however, 
is not likely to come about until wsthetics—eve 
seeking new beauty as logic ever seeks new truth— 
is willing to allow the ‘meta’ element to act inwards, 
Thus metaphysics becomes potent as soon as it js 
conceived as science acting ,critically towards itself. 
Correspondingly, therefore, we now envisage a new 
‘meta-wsthetics’, that is, beauty criticizing itself (a 
thing it. never does at present), and thus advancing, 
painfully, no doubt, along the way of sorrows, to the 
status of a true scientia. 

If it be objected that there can be no possible 
justification for the use of yet another ‘meta’ sub. 
ject, while the proto-discipline is so backward, or at 
least so wayward, the answer assuredly is that man. 
kind’s deepest experience proves the opposite. The 
advance of meta-mathematics, meta-languages 
(semantics and semiotics), and, in general, meta. 
theory during the present century, has been most 
remarkable. Why not then admit at once the desir. 
ability (however difficult) of a corresponding move 
towards the sublimation of the beautiful ? 

It is important to realize the ‘dimension’ in which 
all this is already taking place. It is neither ‘upwards’ 
nor ‘sideways’: it more nearly resembles the driving in 
of piles and concrete to support the structure of some 
great medieval cathedral. Knowledge and creative- 
ness both get tired as the centuries pass. It is not 
to their discredit; on the contrary, it is an index 
of how liberally they have spent themselves from 
generation to generation. But it is time to look to 
the foundations, and occasionally to the ‘“‘rock whence 
we are hewn”. Few people seem to care overmuch 
for work of this description, with little to show for it. 
It is like tapping and making good beneath the 
lowest levels of the crypt. By all means, however, 
let work go on above ground at the same time, in any 
desired direction. All branches of mathematics and 
natural science are reaching out both vertically and 
horizontally. They, when they can, are lending 
zsthetics a hand, by help in the conservation of her 
‘documents’, and a care for her outward achievements. 

Thus our methodology begins by sensing the depth 
of the axiological problem in the quest for beauty. 
In harmony with what is happening to the exact 
sciences, it urges the need for attention in the base- 
ment. When that is safely under way, maybe the 
youthful meta-esthetics will take shape compara- 
tively painlessly ; for while opportunities for self- 
criticism will be numerous, they can be pursued in 


peace. 

There is another possible gain, this time from the 
flank. Those whose task is shielded to some degree, 
and whose aim it is to re-inforce structures ‘without 
interrupting the traffic’, acquire a remarkable grasp 
of each others’ problems and difficulties. In this way 
it is conceivable that concord over a wide sector of 
human relationships will tend to advance. 

lf these are ends (even perhaps necessities), how are 
we to orientate ourselves to reach them ? Manifestly, 
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an educational proposition is presented, not so much 
novel as coercive. Its essential character is prepara- 
tion for a new type of spade-work. That will take 
time. Luckily, there are already signs that the cracks 
in the superstructure have been noticed. Two 
examples, both recent, will illustrate. First, dis- 
cussions on the possible reform, in certain major 
respects, of the Natural Sciences Tripos at Cambridge 
have led to proposals for the inclusion of historical 
and philosophical studies in the curriculum and 
examinations*. It is too early as yet to anticipate 
what the result will be; the important point is that 
such views should have been expressed, and that with 
no lack of vigour and seriousness. 

The second portent is the formation of a Group, 
affiliated to the British Society for the History of 
Science, to study the philosophy of the sciences in the 
widest possible sense, including symbolic logic and 
esthetics. (The relevance of all this to Whitehead’s 
expression of faith already mentioned will not be over- 
looked.) So far, the new venture promises well. 

Next, in what way or ways can people, by either 
of these movements, be influenced to behave axio- 
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logically, that is, perform valuable service? The 
answer is contained implicitly in the Cambridge 
report. There is a need, it suggests, for a new type 
of administrator, with a scientific background and 
habit of mind. What better than that he or she 
should be fashioned on these generous lines? To 
achieve distinction at the highest level in this new 
field must not be easy. If arrangements are adequate, 
it will certainly be no ‘soft option’. Probably it 
assumes a degree of maturity more complete than 
is always the case, though that is in itself no reason 
why as much as possible should not be done at a less 
specialized stage. It should, moreover, be capable of 
interesting students in the faculty of fine arts, and 
thus to sow the seed in potentially fertile soil. 
sthetics has need of a magnanimous and strong 
methodology to support it. No longer should be 
heard within it such words as “Those {are the wounds] 
with which I was wounded in the house of my 
friends’’*. 


* Ruskin, “Modern Painters’’. 5, Part 9. 

* Milne. The Scott Lecture, Proc. Roy. Soc. Edin.. 62, 10 (1943) 
* Cambridge University Reporter, November 9, 1948 

* Zechariah, xiii, v. 6. 





NEWS and VIEWS 


Zoological Society of London : 
Mr. H. G. Maurice, C.B. 


Mr. HENRY GASCOYEN MavRIceE has been awarded 
the Gold Medal of the Zoological Society of London, 
in recognition of his great services to the Society. 
This Medal has been awarded only three times 
previously since its foundation in 1877. Mr. Maurice 
has been a member of the Council of the Zoological 
Society almost continuously since 1926, and was 
president during 1942-48; since retiring from the 
office of president he has continued to serve as a 
vice-president. He took office in the middle of the 
War, at a very critical time in the history of the 
Society, and it was largely the result of his wise 
conduct of its meetings that the various difficulties 
of those years were overcome. Mr. Maurice’s long 
interest in natural history and Nature protection 
covers a wide range. He was fisheries secretary at 
the Ministry of Agriculture and Fisheries during 
1912-38. His wide knowledge of problems connected 
with the fishing industry made him an ideal president 
of the International Council for the Exploration of the 
Sea, a position he occupied for eighteen years. On his 
retirement he was appointed ‘president d’honneur’, and 
in 1937 awarded the Gold Medal of the Johannes 
Schmidt Foundation for Oceanographical Research. 
Since October 1936, he has been secretary of the Society 
for the Preservation of the Fauna of the Empire, 
and editor of its journal; and, in addition, he has 
taken a very active part in all problems connected 
with Nature protection. He was in charge of the 
British delegation to the meeting at Fontainebleau 
in October last year, which resulted in the foundation 
of the International Union for the Protection of 
Nature; and he was elected a vice-president and 
member of the executive council of this Union. 
Some of Mr. Maurice’s fascinating essays on natural 
history have recently been issued in book form, 
“Sometimes an Angler” and “The Wisdom of the 
Ass”. 


British Agricyltural Advisers in North America : 
Dr. W. F. Darke 


THE Agricultural Departments and the Common- 
wealth Relations Office announce that Mr. J. A. 
Young, assistant agricultural adviser to the High 
Commissioner for the United Kingdom in Ottawa, is 
returning to Northern Ireland in April at the end of 
his period of duty in Canada. His place will be taken 
by Dr. W. F. Darke, who will have the rank of 
secretary (agriculture) in the High Commissioner’s 
office. Dr. Darke entered the University of London 
in 1930, taking his B.Sc.(Econ.) degree in 1933. He 
was awarded a research scholarship by the Agri- 
cultural Research Council and worked at Oxford and 
at the University of California. In 1936 he was 
awarded the degree of Ph.D.(Econ.) (London) and a 
year later that of B.Litt. by the University of Oxford 
for part of his work on the history of the small- 
holdings movement. Dr. Darke was appointed to the 
staff of the Ministry of Agriculture and Fisheries in 
May 1938 as a junior economist. He was seconded 
to United Nations Relief and Rehabilitation Admin- 
istration in August 1944, and in 1947 took up duty 
with the Food and Agriculture Organisation; he 
returned to the Ministry of Agriculture in January 
last year. 


Mr. M. W. Taylor 


THe Agricultural Departments and the Foreign 
Office announce that Mr. P. J. Macfarlan, assistant 
agricultural attaché in the British Embassy at 
Washington, is returning to the United Kingdom in 
May on the completion of his two-years appointment, 
and will be replaced by Mr. M. W. Taylor. Mr. 
Taylor went to Emmanuel College, Cambridge, and 
studied agriculture. During 1933-41 he was engaged 
in poultry farming on his own account, after which he 
was appointed senior biology master at Clitheroe Royal 
Grammar School. Later he became technical adviser 
and superintendent of the experimental farm for the 
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Poultry Association of Great Britain. Mr. Taylor was 
appointed to the staff of the Ministry of Agriculture 
and Fisheries in December 1946 as a poultry advisory 
officer in the National Agricultural Advisory Service. 


Mr. C. S. Windebank 

Mr. C. 8S. WINDEBANK has been appointed man- 
aging director of the Esso Development Company. 
This Company conducts and co-ordinates research, 
contract and patent work for the benefit of the Esso 
group of petroleum companies in Europe. Mr. 
Windebank took first-class honours in chemical 
engineering at the University of London, and in 
1936-37 was at the Massachusetts Institute of 
Technology, where he was awarded the degree of 
M.Se. In 1937 he joined the technical staff ef Inter- 
national Association (Petroleum Industry), Ltd., in 
London, and later, in 1940, he was released from the 
Army in order to undertake technical work with 
Esso European Laboratories on aviation fuels. On 
the formation of the Esso Development Company in 
1947 Mr. Windebank was made manager of the 
Research Department. 


Royal Society of Edinburgh : New Fellows 


Tue following were elected fellows of the Royal 
Society of Edinburgh at the ordinary meeting held 
on March 7: Dr. Charlotte Auerbach, 9 Fountainhall 
Road, Edinburgh 9; Dr. R. S. Barclay, statistician 
to the West Highland Survey; Dr. W. Black, 
principal scientific officer to the Scottish Society 
for Research in Plant Breeding; John Cameron, 
sheriff of Inverness, Moray, Nairn, Ross and 
Cromarty ; Prof. W. H. J. Childs, Physics Depart- 
ment, Heriot-Watt College, Edinburgh ; Dr. Ethel D. 
Currie, University of Glasgow; Dr. D. P. Cuthbert- 
son, director of the Rowett Research Institute, 
Bucksburn, Aberdeen; Dr. A. M. Gillespie, 135 
Craiglea Drive, Edinburgh 10; Mr. D. Grant, 19 
Falcon Road West, Edinburgh 10; Dr. F. Gross, 
Zoology Department, University of Edinburgh ; 
Mr. J. Jack, Mayfield, Monktonhall, Musselburgh, 
Midlothian ; Prof. R. V. Jones, Natural Philosophy 
Department, University of Aberdeen; Dr. Sheina 
M. Marshall, principal scientific officer, Scottish 
Marine Biological Association Laboratory, Millport ; 
Mr. N. G. Matthew, 126 West Savile Terrace, Edin- 
burgh 9; Dr. Christina C. Miller, Chemistry Depart- 
ment, University of Edinburgh; Mr. H. C. Pawson, 
assistant director and senior tutor in agriculture. 
King’s College (University of Durham), Neweastle- 
upon-Tyne; Dr. I. A. Preece, 7 Blinkbonny Road, 
Edinburgh 4; Dr. Doris L. Reynolds, 7 West Mains 
Road, Edinburgh 9; Dr. H. O. W. Richardson, 
Natural Philosophy Department. University of 
Edinburgh ; Dr. H. Sington, London ; Dr. J. Smart, 
Zoology Department, University of Cambridge ; Dr. 
R. H. A. Swain, Bacteriological Department, Univer- 
sity of Edinburgh; Mr. G. Waterston, Harestanes, 
Longniddry, East Lothian, Mr. R. G. White, 
director of the Animal Breeding and Research 
Organisation, Agricultural Research Council; Dr. 
F. N. Woodward, director of the Scottish Seaweed 
Research Association. 


Use of the Term ‘Coliform’ 

THe term ‘coliform’ has for some time had an 
obscure meaning, and it has become increasingly clear 
that a definition is desirable. Those interested in 
medical and veterinary bacteriology have used it to 
embrace only the morphological_ characters of many 
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species, not of Bacterium coli alone, but also of the 
dysentery bacteria, the salmonella and other Gram. 
negative rods similar to Bacterium coli. On the other 
hand, the term ‘coliform’ is restricted by many water 
and dairy bacteriologists to those organisms which 
are not only morphologically similar to Bacteriny 
coli but which also resemble it in its cultura! and 
biochemical characteristics ; some have even regarded 
it as being synenymous with Bacterium coli of freq) 
origin. Because of this confusion and also because 
there is now a closer liaison between all those who 
study bacteria from whatever aspect, a committee of 
nine representing this variety of interests was 
appointed by the Society for General Microbiology 
and by the Society for Applied Bacteriology. This 
committee met on several occasions to discuss various 
aspects of the matter, and it is hoped that bacterio. 
logists in general will be able to agree upon the 
meaning of the term ‘coliform’ which has been put 
forward. 

Dr. Reginald Lovell (for the Society for General 
Microbiology), Royal Veterinary College, London, 
N.W.1, and Dr. C. B. Taylor (for the Society for 
Applied Bacteriology), c/o Messrs. Lever Brothers and 
Unilever, Ltd., Port Sunlight, Cheshire, have for 
warded the following relevant portions of the com. 
mittee’s report: ‘“(1) The term ‘coliform’ means 
‘like Bacterium coli’, or ‘coli-like’. (2) ‘Coliform’ is 
an adjective, and as such has no generic or ecological 
significance. (3) It is proposed that the term ‘coli. 
form’ should refer to Gram-negative rods resembling 
Bacterium coli in morphology and staining reactions, 
but not necessarily in cultural and _ biochemical 
characteristics. (4) That the widest publicity should 
be given to this definition to prevent the term being 
employed to define different specific types by different 
workers, or to restrict the term to particular branches 
of bacteriology. The committee is convinced that 
the proposed definition is the only one satisfactory 
to all interests in bacteriology and is opposed to any 
definition based on ecology or biochemical reactions. 
Existing systems allow for classification of organisms 
grouped under the wide term now proposed.” 


University of Birmingham 


At the annual meeting of the Court of Governors 
of the University of Birmingham, the Pro-Chancellor, 
Mr. Sydney Vernon, announced that the progress of 
building at the University would be accelerated in 
the present year by an increase in the available 
supplies of material and labour. Among the first 
requirements to be met is the extension of the 
students’ union. At present a part of the new engin- 
eering building is well advanced, and it is hoped that 
a further portion will be undertaken very shortly. 
The estimated cost of the much-needed halls of 
residence is such as to postpone indefinitely their 
realization. Present needs have been met to some 
extent by the erection of a number of prefabricated 
huts which are regarded as temporary, though they 
appear to be more durable than the old wooden Army 
huts erected in 1919, some of which are still in use. 
The doubling of the University population during the 
ten years following the War was regarded as being in 
the national interest ; but Birmingham has already 
more than achieved this aim, the present number of 
students being between 3,250 and 3,500, a figure at 
which the Vice-Chancellor considers it might well be 
stabilized. 

Among experiments aimed at broadening the 
education of the undergraduate, mention was made of 
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the action in the Department of Electrical Engineer- 
ing, where Prof. A. Tustin has eliminated much detail 
from third- and fourth-year honours courses to make 
room for lectures and discussions on philosophy, 
literature, economics, and the impact of the natural 
sciences on society. The students are expected to 
write a substantial essay each session on some topic 
outside their professional syllabus, and a depart- 
mental library of books on non-technical subjects has 
been provided. The results so far appear highly 
satisfactory. The problem of staff salaries has been 
accentuated by the recommendations of the Spens 
Report. Whatever solution is found, the effect on 
university welfare will be profound. The problem is 
not one of standard of living but of competition for 
the best human material, without which the costly 
measures being taken to give university education to 
agreater proportion of the best of the youth of Great 
Britain will not produce the results they should. 
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University of Natal 


Tue University of Natal is celebrating at Pieter- 
maritzburg on March 15 and Durban on March 19 
the granting of a charter to the University which 
became effective at the beginning of this year. Sir 
Raymond Priestley, vice-chancellor of the University 
of Birmingham, Lord Eustace Percy, vice-chancellor 
of the University of Durham, and Prof. J. Dover 
Wilson, formerly regius professor of rhetoric and 
English literature in the University of Edinburgh, 
are visiting South Africa for these celebrations. They 
are travelling under the Commonwealth University 
Interchange Scheme initiated by the British Council 
as a result of recommendations made at the Congress 
of Universities of the British Commonwealth last 
July. Under the scheme the Council will award 
travel grants to university teachers travelling on 
recognized study leave; distinguished scholars 
invited for short visits; and postgraduate research 
workers holding research grants. The grants are 
made on the recommendation of a committee repre- 
senting the Association of Universities of the British 
Commonwealth, the Committee of Vice-Chancellors 
and Principals of the United Kingdom, and the 
Universities Advisory Committee of the British 
Council. 


Exchequer Grants for Universities in Britain 
Srr StaFFrorD Cripps, Chancellor of the Exchequer, 
in a written answer in the House of Commons on 


March 1, stated: “I am providing £12,814,500 for 
recurrent grants to universities. This amount 
includes provision for the additional expenditure 
which universities will incur in bringing into operation 
the revised scales of payment for teachers in the 
medical and dental schools. . . . The progress of the 
universities’ scheme for physical expansion necessi- 
tates an increase in the amount required for non- 
recurrent grants, and I am providing £4} million for 
this purpose as against £2,600,000 this year.” 


Effects of the Mild Winter 

THE unusually mild weather over the greater part 
of the winter of 1948-49 in England and Wales has 
not only produced many remarkably interesting 
phenological observations, but also substantially 
contradicted the various theories and averages upon 
which amateur and professional meteorological 
observers forecast a probably severe winter for this 
period. Indeed, one London wild-life quarterly pro- 
duced in the winter of 1948-49 a paragraph : ““Nature- 
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wise observers predict an unusually severe winter’. 
Their reasons were: “(1) There has been an un- 
usually heavy crop of wild berries. (2) Squirrels have 
been noticeably active in gathering and storing nuts. 
(3) Flocks of wild geese from Iceland and Russia have 
arrived earlier than usual. (4) Wild swans are arriving 
in considerable flocks. . . . (5) In the Highlands the 
deer have left their mountain fastnesses a month 
earlier... .’’ In each case the oft-quoted forecast 
had been disproved even so recently as the mild winter 
of 1947-48, which followed an abundant berry crop— 
the result of a previously good growing season. Very 
large flocks of pintail and wigeon have been recorded 
on the Cheshire Dee despite the mild winter. 

January was free from the cold and snowy con- 
ditions usually prevailing at this time of the year. 
On January 24 a mallard duck was reported with a 
nest of four eggs in a hollow tree at Worcester College, 
Oxford, and it had increased its clutch to seven by 
January 27. In North Wales the lesser celandine 
was in flower from January 9 at Llanarmon, as was 
the water-crowfoot, and by the third week dog’s 
mercury, hazel and barren strawberry were in 
flower. The coltsfoot was first reported flowering in 
Cheshire on January 16, compared with the thirty- 
five years average date of March 3. Hazel catkin 
flowers appeared seventeen days earlier than the 
thirty-five years average. The chiffchaff has been 
reported wintering in southern England. In Shrop- 
shire the chaffinch was first heard in song on January 
31 compared with February 6 in 1948, February 5 in 
1944, and February 7 in 1943. The Merseyside 
Naturalists’ Association recorded forty species of 
plant in flower by March 1, 1949, compared with 
April 1, 1948. 


The Eyasi Skull 


Tue June 1946 issue of the Journal of the East 
Africa Natural History Society contains two articles, 
one by Dr. L. 8. B. Leakey entitled “Report on a 
visit to the site of the Eyasi skull found by Kohl- 
Larsen”, and the other by W. H. Reeve on “A 
geological report on the site of Dr. Kohl-Larsen’s 
discovery of a fossil human skull, Lake Eyasi, Tan- 
ganyika Territory”. In the course of an expedition 
to the region of Lake Eyasi in Tanganyika Territory 
during 1934-36, Dr. Kohl-Larsen discovered there 
parts of three human skulls, together with some 
artefacts and fossil mammalian remains. The actual 
site is situated on the flats bordering the lake, and 
is approximately at the level to which the water rises 
during the wet seasons. The fossil human skull came 
from the so-called bone bed, a deposit of slightly 
consolidated sand. As the Eyasi deposits have not 
been disturbed, they must be subsequent to the 
earth movements which immediately followed the 
Middle Pleistocene in those regions. There seems, 
however, no reason, either on archzological or 
geological grounds, to question their late Pleistocene 
age, a date assigned to them by Dr. Kohl-Larsen. It 
may be added that the Eyasi strata contain minerals 
often found in Olduvai Bed 5, which also belongs to 
the same period. 


Archzology in the Vaal River Basin 


Tse Archeological Survey of the Union of South 
Africa has recently published a pamphlet entitled 
“‘Early Man in the Vaal River Basin” (Archzological 
Series, No. 6. Pretoria: Government Printer, 1948. 
5s.). This interesting paper includes an article by 
Prof. H. Breuil on the earlier stone-age finds in the 
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Vaal River area, a second by Dr. C. van Riet Lowe 
on the older gravels of the Vaal, their industrial 
contents and the relationships with successive pluvial 
and interpluvial periods, while a third, by Dr. A. L. 
du Toit, is a note on the older gravels of the Vaal 
between Barkley West and Windsorton. Much im- 
portant work is being done just now in South Africa 
not only in correlating the various cultural stone-age 
levels with the successive climate changes, but also 
in the intensive typological and technological study 
of industries made mainly from non-flint material. 
The raw material occurs in large blocks; and the 
frequent occurrence in Stellenbosch industries of the 
so-called Clacton platform would seem to show that 
this method of braking up large blocks of raw 
material is in no sense typical of any particular 
culture, but was used freely when fashioning a 
nucleus from large lumps of refractory material. The 
diagram correlating the various phases of the Stellen- 
bosch culture and the middle and later stone ages 
with the climate changes will especially interest 
students and give rise to some earnest thought. Dr. 
du Tvuit’s note is purely geological and is concerned 
with the actual formation of the various gravels. 
This series of pamphlets issued by the Survey is 
always interesting; but to those concerned with 
correlations and the earlier industries this number is 
of very considerable importance. 


Mortality of Adult and Young Mallards 


A RECENT examination by E. O. Héhn of the 
recovery data of mallards (Anas p. platyrhynca) 
ringed under the British Birds marking scheme shows 
an interesting difference in length of survival of 
birds ringed as adults as compared with those 


ringed as young (British Birds, 41, No. 8; August 


1948). Ringing recoveries of 305 adult mallards 
showed that 65-3 per cent died during the first year 
after ringing, 23-9 per cent during the second year, 
6-6 per cent during the third year and 4-2 per cent 
during subsequent years. The average length of 
further survival from the date of ringing was one 
year and two months. Of 828 mallards ringed as 
young, 89 per cent died during the first year after 
ringing, 9-6 per cent during the second year, 0-6 per 
cent during the third year and 0-8 per cent during 
succeeding years. Thg average period of survival 
was 4-5 months after ringing. The mortality recorded 
by Hoéhn is almost entirely due to shooting. 


Photometric Elements of a Binary Star 

A paPEeR by R. L. Baglow (Mon. Not. Roy. Ast. 
Soc., 108, No. 4; 1948) on “The Photometric 
Elements of RS Sagittarii’ is based on R. O. 
Redman’s observations of the star, a description of 
which has already been published (Mon. Not. Roy. 
Ast. Soc., 105, 212; 1945). Redman’s measurements 
were made photographically by the Fabry method 
and refer to an effective wave-length of 4400 A. ; 
these are shown in two figures together with a 
theoretical curve for both minima, computed by 
Baglow. Tables were calculated for various degrees 
of darkening, utilizing those given by Russell and 
Shapley, and elements wer: finally computed for an 
assumed coefficient of limb-darkening u equal to 0-4. 
The spectral type of the brighter star is given as B5, 
but that of the fainter one has not yet been observed. 
For the purpose of calculating the correction for 
reflexion it was assumed to be of type A0; but until 
its spectrum has been observed the absolute dimen- 
sions of the system cannot be accurately determined, 
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nor can the observed ellipticity of the component, 
be compared with theoretical expectations. Table 3 
of the paper shows the dimensions of the system for 
three different assumptions of the mass ratio, 1.4 
0-5 and 0-2, leading to the radii of the rolatiy, 
orbits as 4-7, 7-0 and 14 million km., respectively. 
It is believed that RS Sagittarii is a normal eclipsing 
binary with a circular orbit, the secondary star being 
considerably less massive than the primary but com. 
parable in size with it. Suitable spectrose pic 
observations of the system could greatly reduce the 
large uncertainties in the photometric results. 


Board of Greenkeeping Research: St. Ive 

Station, Bingley 

At the annual meeting of the Board of Creep. 
keeping Research in Leeds on February 11, 1949, the 
director of the St. Ives Research Station, Mr. R. 8 
Dawson, presented his report on the Station 
activities during 1948. In spite of a shortage of staff, 
the work has increased, and research has continued 
on many of the old experiments put down early in 
the Station’s history. New work has been done on 
soil stabilization with bitumen, seeds mixtures, 
growth substances for the control of weeds, and 
worm control. The advisory work carried out during 
the year has been very heavy. Visits to subscribing 
clubs, the Station’s postal advisory service and the 
number of samples from clubs which were handled 
by the laboratory, all showed substantial increases 
in the 1948 figures as compared with 1947. In 
addition to the pH, lime requirement and the phos. 
phate status, the reports of the laboratory analyses 
of club samples now include the potash status. Golf 
clubs in Great Britain have continued their support, 
and there has been a marked increase in the support 
from municipalities and clubs. Educational work has 
been kept up in that many lectures have been given 
to outside bodies, and six courses of instruction for 
groundsmen have been arranged at the Station. 


British Commonwealth Specialist Agricultura! Con- 

ference in Australia 

In accordance with the resolution of the 1946 
British Commonwealth Scientific Official Conference, 
a Specialist Conference in Agriculture will be held in 
Australia during August 22-September 15, 1949. The 
theme of the Conference is “Plant and Animal 
Nutrition in Relation to Soil and Climatic Factors”, 
with emphasis on ‘nutrition’ interpreted broadly as 
well-being, and it is intended that the meeting shall 
consist of informal discussions between worker 
actively engaged in this field. The Conference, which 
is being organised by the Australian Council for 
Scientific and Industrial Research, will commence in 
Adelaide, South Australia, for the period August 22-31, 
when sessions A, B, C and D will be held. This will 
be followed by an official twelve-day tour through 
southern South Australia, Victoria and southern New 
South Wales, and the final sessions, Z and /’, and 
winding-up will be at Canberra during September 
13-15. Official invitations have been made to each 
member country of the British Commonwealth, and 
some fifty delegates will be nominated. In addition, 
some invited contributors from other countries, from 
the United States, for example, will be attending. 
Travelling expenses and subsistence of the delegates 
will be borne by their respective countries ; but the 
Australian Government is financing the twelve-day 
tour. The papers for the Conference will fall into 
three main groups : (a) officially invited papers ; (b) 
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contributed papers, which may be submitted without 
invitation and must not exceed 2,000 words; (c) 
summaries or abstracts, which are the same as (b) 
except that the limit is 500 words. Papers will not 
be read, but will be circulated in advance; and to 
facilitate printing, copies should be sent to the 
author’s national committee immediately. Full 
details may be had on communication to the Secre- 
tary, Sonference Committee, Specialist Agricultural 
Conference, c/o Council for Scientific and Industrial 
Research, 314 Albert Street, East Melbourne, Aus- 
tralia. The telegraphic address is: 
Melbourne. 
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Conference of Industrial Research Directors 


A CONFERENCE of Directors of Industrial Research 
is being held during March 11-14 at Ashorne Hill, 
Leamington Spa, Warwickshire, under the auspices 
of the Industrial Research Committee of the Feder- 
ation of British Industries. The chairman of the 
Research Committee, Sir Wallace Akers, is presiding. 
The subjects under discussion include relationship 
between the research department and management 
and other departments of the industrial organisation ; 
finance and costing, laboratory administration and 
scientific staff, research programmes and their 
formulation; application of results of research to 
production ; publications, publicity, information and 
intelligence ; and relationship with research asso- 
ciations, the Department of Scientific and Industrial 
Research and other Government departments, and 
universities. 


Lectures in Lausanne on the Tubercle Bacillus 


A course of lectures on current scientific research 
concerning the tubercle bacillus is being organised 
in Lausanne by Prof. P. Hauduroy, director of the 
Institute of Hygiene and Bacteriology of Lausanne, 
during April 21-23, 1949. The lecturers will include 
Prof. K. A. Jensen (Copenhagen), Prof. P. Hauduroy 
(Lausanne), Dr. Chain (Rome), Sir Howard Florey 
(Oxford) and Dr. J. Tréfouel (Pasteur Institute, 
Paris). The lectures will be given either in French 
or in English, and a summary in both languages will 
be distributed beforehand to members of the audience. 
Each lecture will be followed by a discussion. The 
enrolment fee is 15 Swiss francs. Particulars can be 
obtained from Prof. P. Hauduroy, 19 Avenue César 
Roux, Lausanne. 


Colonial Service : Recent Appointments 
THE following appointments in the Colonial Service 


have been announced : J. M. Hay, assistant chemist, 
Nigeria; C. H. Tack, forest engineer, Uganda ; 
J. Greasley, veterinary officer, Tanganyika; P. T. 
Heath, veterinary officer, Uganda; G. J. Bell, pro- 
fessional assistant, Royal Observatory, Hong Kong ; 
Rk. J. Garner, assistant meteorologist, Gold Coast; 
N. G. Lechmere-Guppy, assistant conservator of 
forests, British Guiana; A. P. Johnson, assistant 
meteorologist, Gambia; N. Kirby, deputy Govern- 
ment chemist, Jamaica ; R. D. Pauwels, agricultural 
chemist, Kenya; J. K. Cox (agricultural officer, 
North Borneo), senior agricultural officer, North 
3orneo ; J. Gordon (agricultural officer, Gold Coast), 
agricultural officer, North Borneo; R. D. Linton 
(senior agricultural officer, Tanganyika), deputy 
director of agriculture, Gold Coast; His Highness 
Tenghu Yaacob ibni al-marhum Sultan Abdul Hamid 
(principal agricultural officer, Federation of Malaya), 
State agricultural officer, Federation of Malaya; J. F. 
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Hughes (assistant conservator of forests, Tanganyika), 
forest utilization officer, Tanganyika; M. 8. Parry 
(assistant conservator of forests, Tanganyika), sylvi- 
culturist, Tanganyika; Dr. J. H. Strahan (malaria 
research officer, Federation of Malaya), professor of 
social medicine and hygiene, Singapore; L. F. 
Robertson (senior veterinary officer, Palestine), veter- 
inary officer, Tanganyika ; 8. Simpson (senior veter- 
inary officer, Gold Coast), director of veterinary 
services, Gold Coast; L. J. Chwatt (malariologist, 
Nigeria), senior malariologist, Nigeria ; K. V. Nicholls 
(meteorological officer, Federation of Malaya), 
meteorologist, East African High Commission ; G. K. 
Read (animal husbandry officer, Palestine), livestock 
officer, Tanganyika. 
Announcements 

H.R.H. The Princess Elizabeth, Duchess of Edin- 
burgh, has been elected an honorary member of the 
Royal Institution. 


Str RoBert Rosrnson, president of the Royal 
Society, has been elected an honorary member of the 
Parliamentary and Scientific Committee. 


Mr. Hvucnu LinsteaD, M.P., secretary of the 
Pharmaceutical Society of Great Britain, has been 
elected a foreign corresponding member of the 
Academy of Medicine of France. The Academy, which 
is the premier medical society of France, was founded 
in 1820 by Louis XVIII, and its membership is 
limited to 270 French and 80 foreign members. 


THE Bessemer Medal for 1949 of the Iron and Steel 
Institute has been awarded to Prof. J. H. Andrew, 
professor of metallurgy in the University of Sheffield. 

THE University of Liverpool Chemical Society 
Medal for this year has been awarded to Prof. F. 8. 
Spring, of the Royal Technical College, Glasgow. 
The presentation will take place at the annual open 
meeting of the Society, when Prof. Spring will deliver 
an address entitled ““The Chemistry of Aspergillic 
Acid”’. 


Dr. J. F. Danrecir has been appointed to the 
University chair of zoology tenable at King’s College, 
London, as from October 1, 1949. 


THE Rockefeller Foundation has made a grant of 
15,000 dollars for the purchase, primarily, of infra-red 
spectroscopic equipment in the United States, for 
use in the University Chemical Laboratory, Cambridge, 
under the direction of Prof. A. R. Todd. The equip- 
ment is to be used in developing and furthering 
researches in that Laboratory on nucleotide and 
nucleic acid structure, and on other chemical in- 
vestigations of biological importance. 

THE second award of £50 of the Oliver Memorial 
Fund will be made to a British subject for a notable 
contribution to the research, organisation or donor 
aspect of blood transfusion. Applications and sug- 
gestions should be sent, before June 30, to Mr. F. W. 
Mills, National Provincial Bank, Ltd., Holborn Circus, 
London, E.C.1. 

Tue British Iron and Steel Research Association 
is to hold a conference during May 9-10, 1949, at 
Ashorne Hill, near Leamington Spa, to discuss the 
practical applications and essential theoretical treat- 
ments of phase-contrast microscopy, the multiple- 
beam interference technique, and the reflecting 
microscope. Application to attend and for accom- 
modation at Ashorne Hill should be made to the 
Metallurgy Division, B.I.S.R.A., 11 Park Lane, 
London, W.1. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Role of Dislocations in Crystal Growth 


THe theory of nucleation in the formation of liquid 
or solid phases from the vapour, the most detailed 
treatment of which in any published work is that by 
Becker and Déring''*, is in satisfactory quantitative 
agreement with experiment with regard to the prim- 
ary nucleation of liquid droplets'*, which requires 
saturation ratios of from 3 to 6 in typical cases. The 
theory predicts further that the primary nucleation 
of a crystal from the vapour requires still larger 
saturation ratios, so that the critical conditions for 
nucleation of the liquid are reached first, unless 
working with very low vapour pressures far below 
the melting point. This is also in agreement with 
observation. 

In the course of their treatment, Becker and Déring 
also deal with the two-dimensional nucleation of each 
new close-packed layer of molecules deposited on a 
crystal face, the importance of which was first stressed 
by Volmer. The theory indicates that just as the 
three-dimensional drop or crystal is far more likely 
to evaporate than to grow larger unless it exceeds 
a certain critical size, the same is true of a two- 
dimensional ‘island’ of new crystal layer on a com- 
pleted crystal face, when this face is of a close-packed 
or ‘saturated’ character: for example, the (100) face 
of the Kossel model crystal made of cubic building 
blocks for which Becker and Déring made their 
calculations, or of sodium chloride; or the (111) face 
of a face-centred cubic crystal of argon. 

No one seems to have noticed that the assumption 
that the growth of crystals from the vapour takes 
place in this way (by two-dimensional nucleation in 
the crystal surface) implies a rate of growth which is 
negligible at small supersaturations. 

According to the theory developed by Volmer and 
Becker and Déring, the number of nuclei formed per 
second on | cm.? of surface is 

N ~ A exp {—¢°/(kT)* log a}, (1) 
where A is of the order of 10**, o is the interaction 
energy between two moletules, and « is the saturation 
ratio, that is, the ratio of the concentration in the 
vapour to the equilibrium concentration. Experi- 
ments by Volmer and Schultze‘ in iodine at 0° C. 
indicate an observable rate of growth proportional 
to «— 1 when «> 1-01. The value of 9/k7' for 
iodine at 0° C. is about 6, so when « = 1-01, the 
exponent in (1) is about — 3,600. In fact, the observed 
growth-rate exceeds the theoretical value by a factor 
of e? 600. 

Two of us (W. K. Burton and N. Cabrera)* have 
re-examined in detail the bases of the Becker—Déring 
theory. The most important refinement concerns the 
shape of the critical nucleus. Becker and Déring 
restricted their attention to rectangular nuclei, and 
found the critical one to be a square of side 

l, = of/kT log« (2) 
measured in molecular spacings. We find, in fact, that 
it is a figure with rounded corners which can be 
inscribed in the same square (Fig. 1). The shape is 
independent of « but depends on 9/kT. Between 
two corners the shape is given by 


[ly = loge {1—[sinh* (x/2kT1,) }/sinh* (p/4kT)}. (3) 
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a 


Fig. 1 


The radius of curvature at the corner is given by 
p/l, (V2kT /2) tanh? (9/2k7'), 4) 
so that the shape tends to a square in agreement 
with Becker and Déring at sufficiently low tempera. 
tures. 
In the general case, (1) can be written 
N ~ A exp (F/2kT), (5) 


where F is the edge free energy of the critical nucleus, 
valid for all shapes of nuclei. The effect of the 
correction is to reduce / in the same ratio as the 
area of the critical nucleus. This ratio cannot be 
smaller than ~/4, and is, in fact, 0-86 when o/k7 - 6. 
Thus the discrepancy between theory and experiment 
is still about e*"**. Other corrections, connected with 
the details of surface migration processes, are rela. 
tively small, and we do not believe that the estimate 
of the value of 9 can be wrong in order of magnitude. 
We are forced to the conclusion that the theory, as 
amended, gives the true order of magnitude of the 
rate of growth of a perfect crystal, and it has been 
suggested by one of us (F. C. Frank)* that it can only 
be reconciled with the observed rate of growth of 
real crystals by recognizing that those which grow 
are not perfect. 

It is believed from their mechanical behaviour 
that real crystals in general contain dislocations. 
Taylor's original conception of a dislocation has been 
generalized by Burgers’ with the recognition that the 
unit displacement of the dislocation is not necessarily 
normal to the dislocation line, and may, in an extreme 
case, be parallel to it, in which case we have a Burgers 
‘screw’ dislocation (Figs. 2 and 3a). Whenever a dis- 
location line which is wholly or partly screw term- 
inates in the exposed face of.a crystal, there is a 
permanently exposed ‘cliff’ of atoms in the surface, 
the addition of a new layer restores the initial situa- 
tion, and the need for fresh two-dimensional nuclea- 
tion is eliminated: with a single screw dislocation 
in the face, it can grow perpetually ‘up a spiral 
staircase’. The exposed cliff now plays the part of 
the edge of the nucleus. In the case where there is a 
single dislocation in the face, if its distance | from 
the boundary exceeds /,, growth will occur: if / is 
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less than /,, evaporation will occur. Hence the 
smallest crystal which can grow by this mechanism 
must have a face of width greater than 21,. This is 
also the critical size for three-dimensional nuclei in 
the classical theory. Two screw dislocations term- 
inating in one crystal face give rise to the situation 
shown in Fig. 36. Growth takes place freely if the 
distance apart of the dislocations and the distance 
of either of them from the edge of the face 
exceed 1,. The criterion 1 > 1, for growth can be 
shown to be a sharp one, despite thermal fluctuations. 


6) >, 
Y | 


Y aud 





Fig. 3 


We conclude that crystals do not grow at low super- 
saturations unless they contain dislocations. On the 
other hand, an excessive density of dislocations also 
inhibits growth, particularly at very low super- 
saturations: hence under these conditions we get 
the most nearly perfect, and yet never truly perfect, 
crystals. The growth of ‘unsaturated’ faces (for 
example, (111) faces of sodium chloride, or any faces 
of high index) is independent of dislocations or two- 
dimensional nucleation ; but in the case of a crystal 
which has more than one family of relatively ‘satur- 
ated’ faces, which would need two-dimensional 
nucleation if it were perfect, it may be the dislocation 
structure which determines which are the slowest 
growing, that is, the habit faces. 

W. K. BurRTON 
Butterwick Research Laboratories, 

I.C.I., Ltd., 
The Frythe, Welwyn, Herts. 
(At present at Bristol.) 

N. CABRERA 

F. C. FRANK 
H. H. Wills Physical Laboratory, 

Royal Fort, Bristol 8. 

becker and Déring, Ann. Phys., Leipzig, 24, 719 (1935). 
* Volmer, “Kinetik der Phasenbildung”’ (Dresden and Leipzig, 1939 
*Volmer and Flood, Z. pws. Chem., A, 170. 273 (1934). 
*Volmer and Schultze, Z. pws. Chem., A, 156, 1 (1931). 
* Burton and Cabrera (to be published elsewhere). 
* Frank, Trans. Farad. Soc. (in the press). 
’ Burgers, Proc. Kon. Ned. Akad, Wet., 42, 293 (1939). 


Velocity of Sound in Liquid Hydrogen 

in continuation of our previous measurements on 
the velocity of ultrasonics (frequency 523 kc.) in 
condensed gases at low temperatures', we have now 
measured the velocity of sound in liquid hydrogen 
under its saturated pressure as a function of tem- 
perature between 21° and 14° K. The experimental 
results are given in the accompanying table, and 
graphically in Fig. 1. 

During the measurements, we observed a pro- 
nounced increase of the velocity of sound as a function 
of time. Those observations were followed specially 
at the boiling point, and are represented in Fig. 2. 
This phenomenon is not due to a temperature drift, 
but probably to a transformation of the normal 
hydrogen to para-hydrogen in the liquid phase. In 
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Date 7T(°K) r(m./sec.) 
Nov. 23, 1948 | 21-0 1150 
20°8 1173 
26, 20-4 1229 
23, 20-4 1190 
23, 18-2 | 1251 
12, 18-0 1260 
26, 17-4 127 
23, 16-7 1271 
23, 16-5 1265 
12, 16°3 1274 
26 14°8 1340 





connexion with this phenomenon, we observed that 
the values which were obtained on November 26 are 
larger than the earlier ones, so that we are of opinion 
that the later measurements correspond to a more 
complete transformation into para-hydrogen. 
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Fig. 2 
Recently, one measurement at 17 + 1° K. on the 


velocity of sound by using the pulse technique has 
been published by Galt*. He found at this tempera- 
ture, v = 1,187 m./sec., which is smaller than our 
values, so that we suppose that his measurements 
correspond to normal hydrogen. Pitt and Jackson* 
measured the velocity of sound at the boiling point 
of hydrogen ; their value is also indicated in Fig. 1. 
We take the opportunity to express our sincere 
thanks to the Fonds National de la Recherche 
Scientifique for financial help. 
A. VAN ITTERBEEK 
L. VERHAEGEN 
Institute for Low Temperatures and 
Technical Physivs, 
Louvain. 
Dec. 1. 
Van Itterbeek, A., and de Bock, A., Physica, 14, No. 5 (October 
1948). 


* Galt, J. K., J. Chem, Phys., 16, 505 (1948). 
* Pitt, A., and Jackson, W., Canad. J. Res., 12, 686 (1938). 
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A Unit-Magnification Optical System with 
Long Working Distance for Microscopical 
Applications 

Occasions frequently arise in microscopy where 
a working distance much greater than that given 
by conventional objectives for a given numerical 
aperture is required. This occurs in the microscopy 
of hot metallurgical specimens inside a vacuum 
furnace, the examination of electrode conditions 
inside a vacuum tube, various biological applications, 
and the examination of nuclear plates which may 
involve working through considerable thicknesses of 
glass and emulsion. 
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A system designed to meet the conditions of the 
metallurgical problem outlined above is illustrated 
in the accompanying diagram. A concave spherical 
mirror is placed so that the object is nearly at its 
centre of curvature. Light from the object passes 
through a half-silvered plane mirror and falls on 
the concave mirror nearly at normal incidence, is 
reflected back to an image nearly coincident with the 
object, and is reflected a second time by the half- 
silvered mirror to form an image behind the concave 
mirror, which is perforated to allow the image thus 
formed to be examined by a conventional microscope 
objective. 

The side of the half-silvered mirror nearer the 
object is worked to a weak convex curvature which 
enables the spherical aberration due to the vacuum 
window and to the half-silvered mirror plate itself 
to be corrected without igtroducing significant coma. 
By this means a numerical aperture of 0-5 can be 
obtained, corresponding roughly to an 8 m./m. 
microscope objective. 

An experimental system has been made giving ap- 
proximately this aperture with a working distance of 
about 34 m./m., as against the 2 m./m. of an 8 m./m. 
objective. Due to parasitic reflexions, a vertical 
illuminator cannot be used in the observing micro- 
scope in the usual way. Vertical illumination can 
be obtained by placing a thin half-silvered pellicle 
mirror at 45° in the beam converging to the final 
image, and reflecting light into the system as shown. 
An unwanted image of the light source is formed by 
two reflexions at the half-silvered mirror and one at 
the concave mirror; the system is so disposed that 
this image is displaced about 3 m./m. along the axis 
away from the image of the specimen. The hole in 
the centre of the out-of-focus image of the light 
source, due to the perforation in the concave mirror, 
then occupies the whole field of the observing micro- 
scope, and the image of the specimen is not obscured. 

An immersion system using the same principle, 
with the concave and plane mirrors formed on two 
sides of a glass block, has been designed for nuclear 
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plate work. This uses a 4 m./m. objective and attaing 
a@ numerical aperture of 0-75, enabling the examina. 
tion of nuclear tracks through a quarter of an inch 
or so of glass. It is small enough to be used on a 
conventional microscope. 

A water immersion system for biological applica- 
tions has also been designed. 

A fuller description of these systems, together with 
the theory of the corrections, will be published else- 
where. 

J. Dyson 
Associated Electrical Industries, Ltd., 
Research Laboratory, 
Aldermaston Court, 
Aldermaston, Berks. Oct. 20. 


Showers Generated in Lead by Mesons 


THE main source of secondary electrons produced 
by mesons at sea-level is the close ionizing collision 
in which considerable kinetic energy is transferred 
to the electron concerned, and from which a small 
cascade develops. 

Many workers have observed such showers using 
a thickness of dense material greater than 30 cascade 
units in order to be sure that electrons coming from 
the air are excluded, and that equilibrium is reached 
between the meson beam and its electron second- 
aries's*, The results obtained in this way generally 
agree; but with smaller collision layers, when the 
transition effects at the entry into the dense medium 
have not yet become stabilized, the agreement 
between different workers is not so satisfactory*>**. 

Clay and Venema‘ have measured the absorption 
of incident electrons but not the transition effect of 
the layer; Stuhlinger* has carried out correction 
measurements, the principle of which is certainly 
good, but which are not quantitatively comparable 
with his original data, since the area of the layer in 
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which mesons give rise to ‘knock-on’ electrons appears 
to be different from that used for the correction. 

During & systematic research on showers produced 
by mesons, we have obtained a result which we think 
jg of interest. The arrangement (Fig. 1) records, in 
addition to threefold ecincidences 1, 2, 3, the number 
of counters triggered in the large tray A. Mesons 
give a threefold coincidence and may trigger one 
counter in A; accompanying showers may trigger 
further counters in A. 

The circuit used will be described in a paper 
appearing shortly in Nuovo Cimento. The back- 
ground-rate was measured using the method of 
Stuhlinger; but the arrangement is now changed 
30 that the shower-generating layer is the same both 
for generation by mesons (Fig. la) and for the out- 
of-line experiment (Fig. 16) which yields the correct- 
ingterm. The correction can thus be applied directly. 
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Afterglow Phenomena in Argon-Nitrogen 
Mixtures at Pressures Close to 
Atmospheric 


In 1924, L. Vegard' directed attention to the 
occurrence of phosphorescent bands in the region of 
the auroral line at 5577-35 A. when a solidified mix- 
ture of nitrogen and argon or neon is exposed to 
cathode-ray excitation. In a recent communication, 
Vegard and Kvifte* report an observation of J. 
Nordhagen that pure argon at atmospheric pressure 
shows a green luminescence when excited by a Tesla 
transformer. Vegard and Kvifte suggest that the 
green band is a phosphorescent phenomenon initiated 
by the oxygen auroral line at 5577-35 A. They point 
out that increase in oxygen concentration above a 
certain value (not stated) suppresses the green phos- 
phorescence. 

Afterglow phenomena similar to 











} those described by Vegard and Kvifte 
have frequently been observed by us 
when the argon-nitrogen filling of some 
tungsten filament lamps is excited by 










a Tesla transformer giving a dis- 
charge current of the order of 50 m.a. 
The gas-filling pressure in the lamps 








7 was 600 mm. o argon containing 
8 per cent nitrogen. The accom- 
| panying spectrogram, taken in 1945, 
on an Ilford HP 3 plate shows the 
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we have plotted the number of showers 


In Fig. 2 
recorded per hundred mesons as a function of the 






thickness S of the penetrating layer. Curve a 
corresponds to the arrangement of Fig. la, curve b 
to the arrangement of Fig. 1b, and curve c to the 
lifference. Saturation is reached in curve a at about 
lem. lead in agreement with the results of Stuhlinger* 
and Tongiorgi*. The maximum of curve } occurs also 
st the same position, as was observed by Stuhlinger. 
The corrected number of showers (curve c) is thus 
about 1 per cent of the number of mesons concerned. 

Our arrangement is clearly insensitive to very low 
energy electrons, which will be very heavily scattered 
m leaving the lead plate. We estimate the cut-off 
energy to be appreciably greater than 10’ eV. Our 
result is thus in general agreement with the result 
given by Nassar and Hazen‘, who used a cloud- 
‘chamber method to study these secondary showers. 

The experiment is now being repeated using iron 
instead of lead. 

P. Bass 


A. Lori 
Centro per lo studio degli ioni veloci del C.N.R., 
Istituto di Fisica dell’ Universita’ di Padova. 
Aug. 26. 

Swann, W. F. C., Rev. Mod. Phys., 11, 242 (1939). 
‘Swean, W. F. C., and Ramsey, W. E., Phys. Rev., 57, 749 (1940). 
‘Stunlinger, E., Z. Phys., 116, 281 (1940). 
‘Clay, J., and Venema, A., Physica, 10, 734 (1943). 
‘Tongiorgi, V., Nuovo Cimento, 3, 342 (1946). 
‘Nassar, 8., and Hazen, W. E., Phys. Rev., 68, 298 (1946). 




















green oxygen line at 5577 A. and the 
-band emission from the afterglow in 
the region 5600-5400 A. There is no 
trace on our photograph of the red 
band observed by Vegard in solidified 
gases. 

It is known that the amount of 

10 oxygen in the lamps was certainly less 
than 4 p.p.m. of the gas filling. As little 
as 50 p.p.m. of oxygen or water vapour 
introduced into the lamp quenched the 

afterglow ; hydrogen in similar amount had little or 
no effect. Burning the lamp for a hundred hours or 
so usually caused a gradual decrease in the intensity 
of the afterglow, and the optimum glow appears 
to occur at a concentration of oxygen probably con- 
siderably less than 1 p.p.m. Attempts to reproduce 
the afterglow in a lamp containing ‘spectroscopically 
pure’ argon under the same conditions have so far 
been unsuccessful, and our experiments show that 
nitrogen is a desirable, if not an essential, constituent 
of the gas filling. 

In addition to the green afterglow we have some- 
times observed in certain argon—nitrogen filled lamps 
afterglows lasting about a second of various colours 
from red to purple, the latter being indistinguishable 
in colour from that of the primary discharge. We 
have not as yet been able to record these afterglows 
photographically ; but it is possible that the reddish 


4922 


5876 
6678 


3 


~ oc 
~~ - 
= t 
” - 





~ 
oa 
Do) 
De} 


Tesla discharge in an argon-nitrogen mixture, showing green 
auroral line and associated phosphorescent band (lower spectrum); 
discharge in helium (upper spectrum) 
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glow is merely a rather feeble development of the 
well-known nitrogen afterglow. 
H. G. JENKINS 
J. N. Bowrens. 
Research Laboratories, 
General Electric Co., Ltd., Wembley. 
R. W. STRONG 
Osram-—G.E.C. Lamp Works, Hammersmith. 
‘ Vegard, L., Kon. Ahad. Wet. Amaterlam, 27 (1924). 
* Vegard, L., and Kvifte,G., Nefure, 162. 967 (1945). 


Cathodo-Luminescence of Rare Earths in 
Coal Ash 


bby cathodo-luminescence I have detected’ the 
presence of rare earths in certain minerals in quantities 
voo small to be detected by arc spectrographic 
analysis. 

Samples of a number of Indian coals (from 
Darjeeling, Assam, Raniganj, Jharia and Hyderabad) 
were incinerated in thin layers in porcelain basins in 
an electric furnace at 400°C. The presence of rare 
earths in the ashes so obtained could not be detected 
by are spectrographic analysis with a current of 
10 amp. and 220 volts, with an Z, quartz spectro- 
graph using pure carbon rods. Cathodo-luminescence 
was then tried. The coal ashes as obtained did not 
show any luminescence when excited by the cathode 
rays. But after mixing the ash with a sufficient 
quantity of calcium oxide, the cathode rays induced 
bright luminescence. This was caused by the presence 
of manganese acting as an activator in the presence 
of calcium oxide. When rare earths were also present 
in the coal ash, the manganese band was suppressed 
by the activating action of the rare earths. It was 
found that the best condition for excitation of the 
specimen was at a potential of 4,000 volts, the current 
in the tube being kept at 4 milliamp. The lumin- 
escence was then so bright that the time of exposure 
required for taking a spectrogram was 3-7 min. with 
the direct-vision spectrograph and 5-12 min. with 
the Fuess quartz spectrograph. Urbain’s data for 
the different systems for rare-earth oxide in calcium 
oxide were taken as reference in identifying the line- 
like bands of the luminescence spectra of the specimen. 

The rare-earth activators for luminescence in coal- 
ash were samarium, dysprosium, europium, erbium 
and probably terbium and neodymium. It was found 
that the luminescence of the ash from only a few 
samples of coal from Darjeeling, Assam and Hyder- 
abad was caused by the presence of rare earths. 
Luminescence of all the ashes from samples of coal 
from Raniganj and Jharia was caused only by 
manganese. Some of the samples of ash contained 
rare earths in sufficient quantity completely to sup- 
press the luminescence spectrum of manganese in the 
visible region. With smaller quantities of rare earths, 
both the rare earths and the manganese behaved as 
activators for luminescence. Those rare earths with 
even atomic numbers (samarium 62, dysprosium 66) 
were found to be the chief activators for luminescence. 

Thanks are due to Prof. P. B. Sarkar, for helpful 
discussions, to Prof. M. N. Saha, for allowing me to 
use the spectrograph, and to the Director of the 
Geological Survey of India, for supplying the samples 
of coals. 

BrsHUTI MUKHERJEE 
Inorganic Chemistry Laboratory, 
University College of Science and Technology, 
Caleutta. Sept. 27. 
* Mukherjee, B., Ind. J. Phys., 22, 221 (1948); 22, 305 (1948). 
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A Correction to the Diameter Measurement 
of Diffuse X-Ray Diffraction Rings 


LATTICE parameter measurements of cold-worked 
metals are subject to an appreciable error if no pro. 
vision is made for the lack of coincidence between the 
Ka, peak and the apparent peak, as measured, of 
the broadened doublet. This is indicated in the 
synthesized curves of the accompanying figure. 
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The geometrical subtraction method proving lab. 
orious, and in many cases uncertain, the following 
method of correction has been applied in recent work 
to obtain a better figure for lattice parameter. It 
depends upon a relationship determined between the 
width at half maximum intensity and the deviation 
between the Ka, and the apparent peak of the photo. 
metered doublet. 

It was found that the practical doublets, when 
corrected for film response, approximated reasonably 
to the sum of two curves of the form 

y = sech? Az, 
the constant h being typical of a particular degree of 
broadening. 

The Ka doublet was synthesized from two such 
curves, having an intensity ratio of 2: | and a unit 
Ka, — Ka, separation. This sum curve was defined 
by the following equation : 

fiz) = sech*hx +- 3} sech* h(x — 1). (1) 

Differentiation provided the condition for the 

maximum of this curve: 


sech? ha. tanh ha= — } sech* h(a— 1). tanh h(x— 1). (2) 


The sum curve (1) was plotted for a particular 
value of h, and the approximate abscisss for the peak 
estimated. 

Open-scale plots were then made, for a small range 
of abscissa values about the approximate value, of 
f(x) =. sech? hx. tanh hz and f’(x) = 4 sech* h(x — }). 
tanh A(z — 1). The intersection of these two lines 
gave the correct peak abscissa, with reference to the 
foot of the Ka, peak as origin. Substitution mm 
equation (1) provided the corresponding ordinate. 

To determine the half-width, an estimate of the 
positive and negative abscissa values was obtained 
from the plotted sum curve, and, using form (|), 
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fiz) was plotted against x around each half value, 
toan open scale. The correct absciss were read from 
these plots at a value of f(x) equal to half the peak 
ordinate already determined. 

Repeating for various h values, chosen to cover the 
required field of broadening, a calibration was plotted 
of peak deviation against half-width of the sum 
wrve. This calibration tended asymptotically to- 
wards deviation values of zero and of one third of 
the Ka, — Ka, peak separation. The accompanying 
figure shows a curve family for equation (1) for 
values of the constant h from 0-85 to 3-0. 

The correction method can be modified to over- 
come the practical uncertainty of true film back- 
ground level. Thus the practical background-level 
can be drawn to intersect the skirts of the doublet 
at some arbitrary distance on either side of the peak 
value. The correction curve is modified to a corre- 
sponding zero-ordinate level, which will vary with 
the degree of resolution of the doublet. The doublet 
width thus measured will not be the conventional 
half-width. 

An error of about 15 per cent may be allowed in 
the correction method, as this compares favourably 
with the error in the peak estimation of diffuse 
doublets. 

Applied to individual results, the method would 
prove tedious; but in cases where a large number 
of readings are to be analysed, or the use of a mono- 
chromator is impracticable, it will be found to provide 
rapidly an improved figure for lattice parameter. 

Peak deviations found in recent experiments 
with steel tensile bars have amounted to the equiv- 
alent of 0-04 per cent in lattice parameter, of great 
significance in residual strain or similar determin- 
ations. 
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L. G. Frncu 
Department of Metallurgy, 


University of Sheffield. 


Plotting Electron Trajectories 


A NEW method of tracing electron trajectories in 
electron optical systems has been developed in this 
Laboratory. The method consists essentially in the 
use of a differential analyser to integrate the equations 
of motion of an electron, the components of accelera- 
tion of which are continuously determined by auto- 
matic measurements in an electrolytic tank. 

The present tank is of the type using half-section 
models of the electrode system under investigation, 
with the surface of the electrolyte corresponding to 
& plane of symmetry. The longitudinal and radial 
components of electric field are measured by the 
voltages between three suitably placed probes 
mounted on a movable carriage. These voltages have 
to be converted into proportional rotations to be 
suitable for feeding the differential analyser, and 
this is done by means of self-balancing linear potentio- 
meters, embodying conventional follow-up servo- 
mechanisms. A third similar potentiometer is 
used to keep the probes at approximately earth 
potential. 

The rotations are each fed into a pair of integrators 
of the differential analyser in cascade, the outputs 
from the first integrators of each pair representing 
velocities, and those from the second, displacements. 
The displacements are coupled back to the probe 
carriage so that the system continuously integrates 
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the equations of motion of an electron and the 
probes move along an electron path. 

Tests have been carried out on an electrostatic 
two-cylinder lens, and the results agree adequately 
with the theoretical ones available. The lens used 
had a gap-width of 0-8 radii. Numerical integration 
has been done by Goddard! for the case of zero 
and unity gap-widths, while calculations of the 
spherical aberration coefficient C are available for 
zero gap-width only*. For an acceleration lens of 
voltage ratio 4-9 we find: 


Gap sir ( 

7°95 105 
7°85 120 
R 8-25" 


O-8R measured 
0 


} calculated 


The accuracy is estimated at | per cent for / and 
rather worse for C. 

In addition to simple ray tracing, including skew 
paths, the machine appears to be suitable for solving 
more complicated problems, including the effect of 
space charge, both by exact and approximate methods, 
and tracing trajectories in time-varying fields. It is 
possible to allow exactly for relativity effects. 

The differential analyser has already been de- 
scribed’, and our thanks are due to the Director of 
the Cambridge University Mathematical Laboratory 
for making it available to us. 

It is hoped to publish a detailed description of the 
apparatus at an early date. 

K. F. SANDER 
C. W. OaTLEY 
J. G. YATES 
Engineering Laboratory, 
University, Cambridge. 
' Goddard, L. 8., Proc. Camb. Phil. Soc., 4%, 122 (1946 
* Ramberg, E. G., J. App. Phys., 18, 582 (1942). 


* Lennard-Jones, J. E., Wilkes, M. V., and Bratt, J. B., Proc. Camb. 
Phil. Soe., 35, 485 (1939 


Absolute Power Measurement at Microwave 
Frequencies 


Nichols and Hull' have verified the Maxwell- 
Bartoli theory of radiation pressure experimentally 
to within 1-2 per cent by a torsion balance method, 
with a light beam carrying a power of about 0-1 watt. 

Experiments are being made in the application of a 
similar technique to the absolute measurement of 
power at microwave frequencies. The power P to be 
measured is fed through a compensated wave- 
guide 7'-junction* to a matched load. The third leg of 
the 7'-junction (preferably a circular guide support- 
ing the H,,-mode) contains a movable short-circuiting 
plate so placed that no reflexion occurs at the junc- 
tion. It can be shown that the force on the plate is 
P 


s ° = wher: c is the velocity of light, % the free 
Ag « 
space wave-length, and ?, the guide wave-length in 
the third leg. 
Measurement of this force is sufficient to determine 
P, knowing ? and ?,. 


A. L. CULLEN 
Electrical Engineering Department, 
University College, 
London, W.C.1. 
Sept. 20. 
' Proc. Amer. Acad. Arts and Sci., 559 (1902-3). 
* Huxley, L. G. H., ‘“Wave Guides’’, 170 (Camb. Univ. Press). 
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Deformation of Single Crystals of Tin in 
Solutions of Oleic Acid 


Tue work of Rehbinder and his co-workers on the 
effect of surface-active substances on the strength of 
crystalline solids has been followed with considerable 
interest in this laboratory. In a paper published 
with Lichtman and Maslennikov, Rehbinder' reports 
a 50 per cent decrease in the yield value of single 
crystals of tin and zinc when immersed in a 0-2 per 
cent solution of oleic acid in a non-polar paraffin oil. 
He also reports a five-fold increase in the electrical 
resistance of a single crystal of tin when elongated 
almost to fracture in the same solution, in comparison 
with the resistance of a specimen of the same orienta- 
tion similarly extended in air. These effects are 
ascribed to the opening and extension of the micro- 
cracks in the crystal by the ‘wedging action’ of a 
film of liquid drawn into the micro-cracks by an 
adsorbed layer of oleic acid molecules. This principle 
of ‘adsorption reduction of hardness’ has been widely 
applied in various processes for the mechanical 
destruction of brittle bodies’. 





Angic 
| between | 
specimen 
axis and 
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- stress 
slip | S (gm 

direc- | mm.*) 
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} | Peak Elonga- 

Crystal | Condition | stress | tion —— 
No. | | (gm./ | at peak | slip 
mm.*) | (%) plane 
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(a) 
Clean (+) 
Clean in paraf 
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tion of oleic 
acid (d) 


| 


| 
| Clean in solu- 
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As prepared 

(a) | 
Clean (6) | 
| Clean in paref 
| fin (ce) | 
| Clean in soln- 
| tion of olei 
acid (d) 


| As prepared 
(a) 


Clean (6) 
(lean in paraf. 
fin (c) 
} Clean in solu- 
| tion of oleic 
| acid (d) 





This effect is obviously of considerable importance 
for the theory of metallic friction and boundary 
lubrication. It was therefore decided, as a prelude 
to further work on the effect of surface-active sub- 
stances on metallic friction, to repeat Rehbinder’s 
experiments, using so far as possible the technique 
described by him. 

The specimens use@ were single crystals of tin 
(99-98 per cent pure) approximately 1 mm. in 
diameter and 13 em. in length prepared by the 
Kapitza method*. Orientations were determined by 
X-ray rotation diagrams and in some cases checked 
by goniometer measurements of etch pits. Taking 
the slip system‘ as (110) [001], crystals were selected 
the orientations of which were near ~, = 45°, since 
Rehbinder and Lichtman‘ report that the depression 
in yield value is a maximum at this orientation 
(y» is the angle between specimen axis and the slip 
plane). Each crystal was then cut into six speeimens, 
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four for tensile tests, and two for electrical resistance 
measurements. 

Tensile tests wére carried out using a Polanyi. 
type apparatus‘, the four specimens of one crysta 
being tested under the following conditions: (a) jy 
air, as prepared, with an oxidized surface ; (b) in air 
but cleaned for two minutes in N hydrochloric acid. 
washed in hot water, dipped in N ammonium 
hydroxide to neutralize any remaining acid, again 
dipped in very hot water and allowed to dry in air. 
(c) cleaned as in (b) and immersed in B.P. paragiin 
oil; (d) cleaned as in (b) and immersed in the same 
paraffin oil with 0-2 per cent oleic acid by weight 
added. 

The absolute rate of extension was constant, and 
the rate of elongation of individual specimens, which 
depended on their initial length, varied from 0-2 to 
0-35 per cent per minute. 

The results of three typical tests are given in the 
accompanying table. All tensile curves showed 4 
definite peak at approximately 2 per cent elongation, 
The critical shear stress in the (110) [001] slip system 
was calculated from this peak stress. 

It will be seen that, under the conditions of these 
experiments, alteration of the surface condition 
produces no significant change in the critical shear 
stress. 

Similar negative results were obtained with a 
series of crystals in which +, varied from 30° to 
60°, at rates of elongation of 0-2-4 per cent per 
minute. 

In his paper, Rehbinder does not specify the part- 
icul r paraffin used. Since it seemed possible that 
the viscosity of the solution might have some effect 
on the magnitude of the ‘wedging action’, the experi- 
ments were repeated using hexadecane and kerosene 
as solvents to provide a wide range of viscosities. 
Again no effect was observed. 

The two remaining samples of crystals used in the 
tensile tests w re then elongated almost to fracture 
(150-200 per cent elongation) in air and in the 
original oleic acid solution. For the same elongation, 
no significant difference in electrical resistance was 
observed. 

In view of the very large effects reported by 
Rehbinder, and of their wide application, these 
negative results are put forward with some diffidence 
in the hope that workers in other fields may be able 
to offer some explanation. Further work is in 
progress with other metals and surface-active com- 
pounds. 

This work forms part of the general research pro- 
gramme of the Division of Tribophysics, Council for 
Scientific and Industrial Research. My thanks are 
due to Dr. 8. H. Bastow for directing my attention 
to the problem and to Dr. W. Boas for helpful 
discussions. 

D. S. KEMSLEY 


Tribophysics Division, 
Council for Scientific and Industrial 
Research, 
University of Melbourne, N.3. 


* Rehbinder, P., Lichtman, V. I., and Maslennikov, V. M., C.2 
(Doklady), Acad. Sei., U.S.S.R., 3 (2), 125 (1941). 

* Rehbinder, P., Schreiner, L. A., and Zhigach, K. F., “Hardness 
oo gee in Drilling’’ (Acad. Sci., U.S.S.R., Moscow-Leningrad 

* Kapitza, P., Proc. Roy. Soc., A, 119. 358 (1928). 

* Obinata, J., and Schmid. E., Z. Phys., 88. 224 (1933). 

* Lichtman, V. L, and Rehbinder, P., C.R. (Doklady), Acad. Sci., 
0.S.S.R., 3 (2), 130 (1941). 

* Polanyi, M., and Schmid, E., Z. Phys., 88, 684 (1925). 
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Oxalacetate Decarboxylation by Iron 
and Copper 


No. 4141 


Tue catalysis of oxalacetate decarboxylation by 
metallic ions constitutes a simple ‘model’ system, 
the properties of which may throw some light on the 
biological decarboxylation mechanisms. Kornberg, 
Ochoa and Mehler' have described the formation of 
an unstable complex between oxalacetate and 
aluminium ions, which possesses a characteristic 
ultra-violet absorption spectrum. Kecent studies 
from this laboratory? have shown that iron and 
copper differ in many respects as regards their ability 
to accelerate the decomposition of oxalacetate. 

The effects of iron and copper were therefore exam- 
ined in the light of their ability to form complexes 
such as that with aluminium. A Beckman Model DU 
quartz spectrophotometer was used, measurements 
being made at room temperature in I-cm. cells. The 
100 per cent transmission blanks contained all the con- 
stituents of the experimental cells except oxalacetate. 

The ultra-violet spectrum of oxalacetate depends 
intimately on pH. The light-absorbing constituent 
(that is, either the enol tautomer or possibly the 
oxalacetate ion) increases with increasing pH. It 
might be expected, therefore, that formation of com- 
plexes involving this form (as suggested to occur for 
aluminium ions by Ochoa’s team) would be maximal 
at high pH values. This is found to be the case with 
cupric ions, but not with ferric ions. 

In unbuffered solutions, the absorption spectra of 
the ferric and cupric complexes resemble each other 
closely, both possessing very marked bands with 
maxima at 270 mu. The ferric complex, however, 
shows an additional faint band extending from 355 to 
375 mu. The copper complex decomposes much more 
readily than that of iron when the same metal con- 
centration is used. Whereas the copper complex forms 
almost spontaneously (that is, in less than 30 sec.) at 
acid pH, the iron complex formation reaches a 
maximum only after 1-5 minutes (depending on the 
oxalacetate to ferric iron ratio). 

Ferrous iron did not cause formation of a complex 
resembling the above two. This is unexpected, as 
manometrically ferrous iron has been shown to be 
an active oxalacetate-decomposing agent*. However, 
since that work was carried out at 38° C. in acetate 
buffer, and a strong oxygen uptake was observed, 
it may be assumed that conversion to ferric iron 
preceded the decomposition of oxalacetate. Results 
of the spectrophotometric examination suggest that 
ferrous iron as such may not be a catalyst for the 
decarboxylation of oxalacetate. 

The effect of pH on the rates of formation and 
decomposition of the two metal-oxalacetate com- 
plexes shows that, in the case of iron, formation of 
the complex is maximal at the lowest pH. The 
decomposition-rate does not vary greatly from 
pH 1:1 to pH 3-2, but is much slower at pH 4-5. 
A steady rise in optical density at and above pH 6 
was so unusual that the spectrum produced under 
those conditions was re-examined. It was found that 
the absorption peak at 270 mu was no longer formed, 
and that the whole spectrum resembled that of 
oxalacetate alone. However, in the presence of ferric 
iron, the whole spectrum was of higher density. Thus, 
the effect of ferric iron at and above pH 6 seems 
to be to increase the amount of the light-absorbing 
form of oxalacetate without forming a complex. 

In the case of copper, complex formation increases 
with increasing pH, and thus appears to be de- 
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pendent on the amount of enol-oxalacetate or 
oxalacetate ions present. ‘Ihe decomposition-rate 
appeared to be maximal between pH 3-5 and pH 4-5, 
decreasing sharply on either side of that range. 

These results confirm the differences between 
cuprous and ferric ions observed in the manometric 
work, and show once again the intimate connexion 
between catalytic effectiveness and pH. The in- 
vestigation is being extended to the effect of buffers, 
and to the blood catalysis. Full details of this work 
will appear in the Australian Journal of Experimental 
Biology and Medical Science. 

I wish to thank Mr. H. R. Marston for the use of 
the spectrophotometer, and M. L. Wellby for tech- 
nical assistance. 

This work was carried out as part of the pro- 
gramme towards elucidating the mechanism of 
oxalacetate decarboxylation by blood*.*.5. 

P. M. Nossa 

Department of Biochemistry, 

University of Adelaide. 
and Mehler, A. H., J. Biol. Chem., 174 


' Kornberg, A., Ochoa, 8., 


159 (1945). 
* Nossal, P. } 
* Nossal, P. M., 
* Nossal, P. M., 
* Nossal, P. M., 

(1948) 


M., Austral. J. Exp. Biol. (in the press). 

Austral. J. Exp. Biol., 26, 531 (1948). 

Nate r*. 192, 36 (1948). 

and Kerr, D. I. B., Austral, J. Exp. Biol.. 26, 553 


Effect of Acridine Compounds on the 
Respiration of the Brain of the 
Six-Day Chick Embryo 


In relating the effect of certain acridines on mitosis 
to that on respiration, the inhibition of the oxygen 
consumption of the isolated brain of the six-day 
chick embryo by these compounds has been measured. 
It is thought that a note on these results would be 
of interest as a comparison with the results of Albert 
and Marshall' on chick red cells infected with 
Plasmodium gallinaceum. 





| 
Concentra- | 
Percentage inhibition of 
respiration of isolated chick 
brain at concentration of : 
1: 12,000 
5-Aminoacridine 
hydrochloride 14 31 45 
5-Amino-!-phenyl- 
10-methylacridin- 
| ium bromide nil nil nil a3 
5-Amino-10-methy]l- 
acridinium brom- 
ide nil nil nil 
| 5-Amino-2-tri- 
fluoromethy]- 


tion pro- 
ducing 
pycnosis of | 
dividing 
cells 


Compound 


1 : 6,000 | 1: 3,000 | 


1 : 125,000 


55,000 


1: 140,000 





} acridine hydro- 
chloride 68 100 | 100 

















These results were obtained by a modification of 
the Cartesian diver micromanometer, using buffered 
Tyrode solution as a medium, and are interpolations 
from curves relating inhibition of oxygen con- 
sumption to concentration. 

Exposure of the isolated brain tissue to the acridine 
compounds resulted, within two hours, in swelling 
and fusion of the chromosomes in dividing cells 
(pycnosis). The concentrations producing this change 
are recorded in the table; at such concentrations 
there was no measurable inhibition of respiration. 

R. J. O'Connor 
John Burford Carlill Laboratories, 
Westminster Medical School, 
Horseferry Road, 8.W.1. 
? Albert, A., and Marshall, P. B., Natwre, 161, 1008 (1948) 
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Properties of Branched Aliphatic Acids and 
their Behaviour in the Dog 


In Fig. 1 are seen on the right the melting points 
and the tolerated amounts of alkylated succinic 
acids; on the left the behaviour of §-alkyl-adipic 
acids plotted in the same manner. Both pairs of 
curves demonstrate a curious concordance between 
the purely physical attributes of melting point and 
the biological behaviour in the dog. We have also 
studied the properties of acids with longer side- 
chains, but have not plotted these values in the 
figures. The curves differ more as the number of 
carbon atoms in the side-chains increases, the melting 
points ascending more slowly than the tolerated 
amounts. The concordance of the curves, we con- 
clude, is connected with the steric hindrance of the 
short side-chain, which renders the growth of crystals 
more difficult, as well as the apposition to oxidative 
enzymes. 

In order to learn more about the steric and energetic 
behaviour of such branched acids, we prepared 
a-alkylated stearic acids with 1-12 carbon atoms in 
the side-chain. 

In Fig. 2 the melting points are shown ; oscillation 
between the odd- and even-numbered branches is 
clearly seen. Only substrates of a very high degree 
of purity can be used for these studies; the usual 
alkyls of natural occurrence have, therefore, been re- 
placed by substrate successively synthesized from 
short alkyl bromides and ethylene oxide. 

The minimal areas of each acid according to the 
monomolecular film method of Langmuir (mono- 
layers on water) are seen in Fig. 3. These areas, 
19-5 A.* for normal stearic acid, quickly increase 
from methyl to butyl; the areas increase more 
slowly from pentyl to heptyl, and they remain 
unchanged from octyl upwards. The curve of the 
maximal areas obtained for all acids under the same 
conditions has the same direction. From these 
results we conclude that the short alkyl groups, up 
to and including butyl, lie crosswise to the main 
chain, from pentyl to heptyl are mobile, and from 
octyl upwards the branched groups are bent back on 
themselves to lie parallel to the main chain. 

‘The methylated higher acids are biologically im- 
portant in respect to their occurrence in steroids, 
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isoprene derivatives and in lipids of acid-fast bacteria. 
The acids we have synthesized are shown in the 
table. 


Branched-chain fatty acids used 
Main-chain 
( -stearic acid 
‘ |-stearic acid 
c l-stearic acid 
( 8-Methyl-nonadecanic acid 
Cc, 
‘ 
‘ 
{ 





a- sto coal 
a- me’ or ac 
a-Ethyl-stearic acid 
3,7,11,15-Tetramethyl- + 
acid (= phytanic acid) 
Coe - 
Crs 3,7,11 -Trimethyl 


We studied the behaviour of all acids in the same 
two dogs, S and 7’; our results are shown in Fig. 4. 

Each dog was fed in each experiment with the 
same amount, namely, 25 gm., of the respective acid 
at the beginning of the first day. The urines of the 
first and the following three days were collected 
separately, acidified and extracted with ether; the 
extracts were separated as steam volatiles containing 
mainly monobasic acids, and as ether solubles, but 
not as steam volatiles containing mainly dibasic 
acids. In Fig. 4 the height of the columns indicates 
milli-equivalents acid in the total urine for four days; 
the blank values over the same space of time lie 
between 4-0 and 6-4 milli-equivalents. It is seen 
that monomethylated acids are freely oxidized, no 
residues appearing in the respective urines. The 
same is the case with repeated methylated acids; 
from which it may be anticipated that the methv! 
groups are not in the 
a-8-position, but farther 
apart, in the a-, y, or 
a-, 5-positions. If that 
is so, as in phytanic 
acid, the even 4 methyl 
groups in one molecule 
are totally tolerated. 
Ethyl in the «-position 
hinders the oxidation, 
but only partially. We 
fed 25 gm., or 76-4 
milli-equivalents, of it, 
and obtained only 4-6 
milli-equivalents __resi- 
dues, or 5-8 per cent. 
Two neighbouring 
methyl groups in the 
a-, 8-position hinder the 
oxidation considerably 
more, as already said, 
but not completely : 
from 76-4 milli-equiv- 
alents, or 12 per cent, 
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Fig. 3. «-n-Alkyl-stearic acids. Minimal! areas 


in the non-volatile fraction, and in addition the 
same level in the volatile fraction. 

We found, further, that the totally consumed main- 
chain must be composed of at least sixteen carbon 
atoms or more ; shorter chains, as in dodecanic acid, 
will not be oxidized so freely; one methyl alone 
attached to C-atom 2 hindered oxidation more than 
three methyl groups in the 3, 7, 11-positions to the 
carboxyl. We believe that the higher acids form 
better solid films in the lipids of the cell than they 
do spread out on a water -air interface. Equally 
they are held more firmly by the oxidative enzymes, 
and therefore they are better tolerated in the 
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4-6, 4 MA* = Normal excretion, 4 days. 
Upwards shading = Ether solubles, not steam-volatile acids 
Downwards shading = Ether solubles, and steam-volatile acids. 


Fig. 4. Methylated fatty acids. Dogs S and 7, 25 gm./4 days 


We wish to thank Dr. Imhausen and Co., Witten/ 
Ruhr, also L. Hoffmann La Roche and Ciba, Basle, 
for their assistance. A detailed report of this work 
will be published later in Hoppe-Seyler’s Zeitschrift 
fiir physiologische Chemie. 

GUNTHER WEITZEL 
ANNEMARIE FRETZDORFF 
Jutta WoJAHN 
WoLFGANG SAVELSBERG 
KarRL THOMAS 


Physiologisch-chemisches Institut 
der Universitat, 
Erlangen. 


Medizinische Forschungsanstalt der 
Max-Planck-Gesellschaft, 
G6éttingen. 

Oct. 1. 
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Biological Deacetylation of Acetamido 
Compounds and Formation of 
Benzoxazolone 


In a recent paper, Smith and Williams’ discuss 
the fact observed by Jaffé and Hilbert? that acet- 
anilide is hydroxylated by the dog mainly in the 
ortho position and by the rabbit only in the para 
position. They postulate that this difference may be 
due to the different degrees of deacetylation which 
take place in the two animals. The dog is known to 
be much less efficient than the rabbit in acetylating 
the aromatic amino group*.‘, although it is able to 
acetylate aliphatic amino groups, as in the formation 
of mercapturic acids’. The deacetylation of acetan- 
ilide in the dog does not appear to have been reported 
upon but we have observed, in agreement with 
Smith and Williams, that the rabbit deacetylates it 
to only a slight extent (not more than 2-3 per cent). 
The deacetylation of acetylsulphamezathine by the 
dog and rabbit has been studied by Krebs, Sykes 
and Bartley*, who found that the former de- 
acetylates about 29 per cent of an injected dose 
whereas the latter deacetylates only 1 per cent in 
the same time. It would therefore be expected that 
considerable deacetylation of acetanilide would occur 
in the dog. 

The preliminary results of an investigation in pro- 
gress in this laboratory have an indirect bearing on 
this problem. Jaffé and Hilbert reported the isolation 
of benzoxazolone as a metabolite of acetanilide in the 
dog, but not in the rabbit; and although it has 
frequently been suggested that this was an artefact, 
so far as we are aware no clear experimental evidence 
to this effect has been presented. We have now 
shown that if normal rabbit urine to which o-amino- 
phenol has been added is treated by the procedure 
used by Jaffé and Hilbert (namely, evaporation to 
dryness, extraction of the residue with alcohol and 
treatment of the alcohol-soluble material with boiling 
2N hydrochloric acid, followed by extraction with 
ether) benzoxazolone can be isolated as its mono- 
hydrate (m.p. 95°). This was characterized as its 
benzoate, m.p. 171°. If, however, o-acetamidophenol 
is used instead, benzoxazolone cannot be detected. 
This result, therefore, suggests that if no deacetylation 
of acetanilide occurred in the dog, the procedure em- 
ployed by Jaffé and Hilbert would not have resulted 
in the formation of benzoxazolone, which appears to 
take place during the preliminary evaporation of the 
urine. 

We are also engaged upon a study of the deacetyla- 
tion process in vitro. This has shown that dog liver 
is much more active in deacetylating acetanilide than 
is rabbit liver, the average percentages hydrolysis in 
twenty hours under comparable conditions being 76 
and 26 respectively. Although the exact relationship 
between in vitro and in vivo deacetylation cannot be 
assessed, it is probable that our in vitro results reflect 
the process in the intact animal. Our experiments 
have, moreover, provided evidence for the existence 
of different deacetylases for aliphatic and aromatic 
acetamido compounds. Dog liver deacetylates acet- 
anilide readily (76 per cent in twenty hours) but 
acetylglycine only slightly (11 per cent in the same 
time). With rabbit liver, however, the converse is 
true, acetanilide being hydrolysed to an extent of 

18 per cent in twenty hours and acetylglycine 98 per 
cent. In this tissue, drying by acetone results in the 
destruction of the ‘aromatic’ deacetylase whereas the 
‘aliphatic’ deacetylase activity is unimpaired. These 
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results may be interpreted as lending support to the 
suggestion put forward by Stekol*, which has been 
substantiated by the results of work by Bloch and 
Rittenberg’, that the biological processes for acetyl- 
ating aliphatic and aromatic amines are separate 


processes. 
A fuller report of this investigation is in preparation 
for publication. 
H. G. Bray 
Sys P. JaMEs 
W. V. THORPE 
Physiology Department, 
Medical School, 
University of Birmingham. 
August 27. 
‘ Smith, J. N., and Williams, R. T., Biochem. J., @8, 538 (1948). 
* Jaffé, M., and Hilbert, P., Hoppe-Seyl. Z., 12, 295 (1888). 
® Meet, BE. K., Emerson, K., and Cutting, W. C., Science, 85, 202 
37). 
* Stokinger, H. E., Proc. Soc. Exp. Biol., N.¥., 40, 61 (1939). 
* Stekol, J. A., J. Biol. Chem., 124. 129 (1938). 
* Krebs, HA. Sykes, W. O., and Bartley, W. C., Biochem. J., 41, 
* Bloch, K., and Rittenberg, D., J. Biol. Chem., 159, 45 (1945); Fed. 
Proe., 5, 122 (1946) 


Role of Hydroxylamine in Biological 
Fixation of Nitrogen 


THE position of hydroxylamine as an intermediate 
in the nitrogen fixation process has become increas- 
ingly doubtful as a result of recent studies':*. No 
direct attempts have been made, however, to find 
the effect of hydroxylamine on nitrogen fixation. An 
application of the isotope tracer method to this prob- 
lem is being made in these laboratories, using nitrogen 
containing 30 per cent nitrogen-15. A large 18-hour- 
old culture of Azotobacter vinelandii in a nitrogen-free 
mannitol medium was aseptically subdivided into 
equal 100-ml. portions, and 1 ml. of suitable 
dilutions of buffered hydroxylamine added to give 
the concentrations required for inhibition measure- 
ments. The cultures were then aerated in parallel 
with an atmosphere containing nitrogen (partial 
pressure, 0-25 atm.), and oxygen (partial pressure, 
0-2 atm.)—the nitrogen being ‘heavy’—in a thermo- 
stat at 29°C. After a four-hour period of aeration, 
the cells were collected, and nitrogen samples pre- 
pared for isotope analysis. The following analyses 
were obtained : 

[NH,OH) 0 
% N™ excess over normal 1-14 

This represents 63 per cent inhibition of nitrogen 
uptake at 10-* M, and virtually 100 per cent inhibition 
at 10-* M and higher. Hydroxylamine is well known 
to be a powerful respiratory inhibitor’, and since 
nitrogen fixation is an endothermic process, it should 
be inhibited also'. If hydroxylamine is an inter- 
mediate in the fixation process, it can be expected to 
replace molecular nitrogen in the metabolism of the 
bacteria, and this effect will, therefore, be reflected 
in greater inhibition of nitrogen fixation than respira- 
tion, for a given concentration of hydroxylamine. 
A provisional comparison may be made with . the 
results of respiration experiments of other workers. 
Wilson and Wilson* report 90-100 per cent .ahibition 
at 10-* M, and 90 per cent at 10-* M, with Azotobacter 
vinelandii in a succinate medium. Endres‘ reports 
approximately 60 per cent inhibition at 10-* M, and 
90 per cent at 10-*, with Azotobacter chroococcum in a 
glucose medium. The inhibition of nitrogen fixation, 
therefore, does not appear to be greater than the 
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inhibition of respiration, although a final comparison 
cannot be made until experiments designed to permit 
this, and proceeding here, have been completed with 
the strain of Azotobacter available. 

Parallel experiments are being made to find the 
effect of hydroxylamine on the growth of Azotobacter 
on gaseous nitrogen. The organisms were culture: in 
various concentrations of hydroxylamine, and growt!} 
measured by direct counting. Growth was supported 
indefinitely in a solution of initial concentration |()~ 
M, for one subculture only at 10-* M, and not at al! at 
10-? M. Long lag phases were observed, however 
growth being apparently delayed until the concentra. 
tion of hydroxylamine had decreased to less than 
5 x 10-* M in the first subculture, which agrees with the 
observations of Novak and Wilson*. The lag increased 
from a few hours in the first subculture at 10-* \, 
to three days at the sixth. Further experiments, 
which are being continued, indicate that the rate of 
removal of hydroxylamine from a culture medium 
is independent of the presence of the bacteria, even 
with six previous subcultures at 10-* MW (comparing 
with Lewis and Hinshelwood’s observations*). Experi- 
ments here have shown that the levels of ammonia 
in culture solutions of Azotobacter supplied with 
hydroxylamine were higher than those not similarly 
supplied. This, together with the above observations 
on the rates of removal of hydroxylamine from such 
solution, suggests the liberation of nitrogenous 
materials from the cells in the presence of hydroxy]l- 
amine, rather than the reduction of the latter, as 
postulated for the symbiotic system by Virtanen‘, 
The liberation of nitrogenous substances was con- 
firmed by Kjeldahl analyses. 

The results of these studies support those from the 
isotope-tracing experiment above in suggesting that 
hydroxylamine is unlikely to be one of the stable 
intermediates of nitrogen fixation by Azotubacter. 

The isotope abundance measurements were made 
by one of us (E. R. 8. W.) on a Nier-type, 60° sector 
mass spectrometer, with electronic circuits described 
by Graham ef al.’?. We wish to express our indebted- 
ness to Dr. 8. E. Jacobs for his continued interest 
and advice. 

B. A. PETHICA 
E. R. RoBerts 
E. R. S. WinTER 
Imperial College of Science and Technology, 
London, 8S.W.7. Aug. 31. 
* Wilson, P. W., and Burris, R. H., Bact. Rev. 11, 41 (1947). 
* Novak, R., and Wilson, P. W., J. Bact.. 65, 517 (1948). 
* Wilson, J. B., and Wilson, P. W., J. Gen. Physiol., 26, 277 (1943), 
* Endres, G., Ann. Chem., 518. 109 (1935). 
* Lewis, P. R., and Hinshelwood, C. N., J. Chem. Sor., 824 (1948). 
* Virtanen, A. L., e al., Suomen KemistileAti. 19. 83 (1946). 


’ Graham. R. L., Thode, H. G., and Harkness, A. L., J. Sci. Inetr 
24, 119 (1947). 


Effect of pH on the Activity of some 
Respiratory Inhibitors 


CHANGES of pH have been shown to influence the 
activity of certain respiratory inhibitors, for example, 


iodoacetate', azide’, fluoride* and malonate’. We 
have been led to a detailed investigation of the 
effects of pH change on some of these inhibitors since 
they are all the salts of weak acids, and one of us 
(E. W. 8S.) has recently examined the influence of pH 
on the fungistatic action of weak acids allied to 
phenol5, 

The Warburg manometric technique was used to 
measure the rates of oxygen uptake by suspensions of 
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yo Inhibition of respiration 








100 i i 
c ry 3 
log Moiar concentration of iodoacetate 


1. Inhibition of yeast respiration by sodium lodoacetat« 
at pH 4-8 





baker’s yeast in M/15 phosphate buffers containing 
M/5 glucose. In a typical experiment, each vessel con- 
tained 2 ml. 0-5 per cent yeast suspension at one pH 
level (measured colorimetrically) and 0-5 ml. of the 
respiratory inhibitor at the desired concentration. 
[The experiments ‘with sodium iodoacetate were 
carried out at 30°C. and the (constant) rates of 
oxygen uptake were measured after twenty-one 
hours. 

Fig. 1 shows the effect of increasing concentrations 
f iodoacetate on the respiration-rate of yeast at 
pH 4-8. Concentrations below 5 x 10-* M have no 
inhibiting effect, but at higher values the curve falls 
sharply and at 3 x 10-* M inhibition is complete. 
We have obtained equally steep sigmoid curves from 
experiments at various pH values between 2-3 and 
7-8. To find the effect of change of pH on the activity 





log Equi-etfective molar concentration 








4 
2 4 





Fig. 2. Effect of pH on the concentration of sodium jodoacetate 

required to inhibit yeast respiration by 60 per cent. Full line, 

total concentration (A + HA); broken line, concentration of 
undissuciated molecules (HA) 
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of the inhibitor, we have determined the concentra- 
tion of inhibitor required to give 50 per cent reduction 
of the respiration-rate at several pH-levels. From 
Fig. 1 it can be seen that the concentration required 
to halve the respiration-rate at pH 4-8is 1-3 x 10-*M. 
The logarithm of this value and of the corresponding 
equi-effective concentrations at other pH-levels are 
plotted against pH as the continuous line in Fig. 2. 
It is evident that greater concentrations of iodoacetate 
are needed to halve the respiration-rate at the higher 
PH levels. Thus at pH 3-5 the necessary concentration 
is 3 x 10-*M, but at pH 7-5 the concentration 
needed to produce the same effect is one hundred 
times greater (3 x 10-* M). It is therefore possible 
to find a concentration of inhibitor which will have 
no effect on respiration at one pH and yet will 
inhibit it completely at a lower pH. 

Iodoacetic acid is a weak acid with a pK of 3-1, 
and for any given concentration the amount of 
undissociated acid in the solution will decrease 
rapidly as the solution is made more alkaline accord- 
ing to the equation 

= [dissociated acid, (A’) ] 
pH = PK + 108 ‘[undissociated, (HA) ) 
To test the hypothesis that HA is the only active 
inhibiting agent*, the amounts of HA at the equi- 
effective concentrations have been calculated and 
plotted for each pH (Fig. 2). It is seen that the 
concentration of HA does not remain the same (as 
it would if HA alone were active) but decreases at 
the higher pH-levels. The same is true for the effect 
of pH on the toxicity of many weak acids to a wide 
variety of plant and animal organisms*. The con- 
centration of HA in the external solution is an 
important factor in determining the extent of in- 
hibition, but it is clearly not the only one. The 
relationships shown in Fig. 2 have been interpreted® 
on the supposition that only HA penetrates into the 
cell but that local pH conditions inside the cell also 
determine the response by their influence on the 
extent of dissociation of the acid within the cell. 

Experiments on the effect of sodium azide on 
yeast respiration have yielded curves similar to Figs. 
1 and 2. 

Our results emphasize the importance of control 
of pH during in vivo studies with inhibitors which 
are weak acids. The possibility is being examined 
that pH changes induced by carbon dioxide when 
yeast is fermenting in nitrogen in a closed Warburg 
vessel are instrumental in bringing about a form of 
the Lundsgaard ‘differentiating’ effect of iodoacetate*. 
We have, in fact, already shown that the inhibition 
of fermentation brought about by 10-* M iodoacetate 
(which has no effect on respiration at the same initial 
pH—6-8) can be prevented if the carbon dioxide 
produced during treatment with the inhibitor is 
absorbed by potassium hydroxide. 

H. BEEVERS 
Oxford Medicinal Plants Scheme, 
Department of Botany, 
Oxford. 


Department of Agriculture, 
Oxford. 


' Lundsgaard, E., Biochem. Z., 260, 61 (1932). 

* Stenlid, G., Physiologia Plantarum, 1, 185 (1948). 

* Borei, H., Ark. Kemi Min. Geol., 20, No. 8 (1945). 

‘Turner, J. 8., and Hanly, V.. Nature, 160, 296 (1947). 

* Simon, BE. W., and Blackman, G. E., Symposia of the Society for 
Experimental Biology, No. 3, “Selective Toxicity and Anti- 
biotics” (in the press). 

*Turner, J. 8., New Phytol., 36, 142 (1937). 





410 
Synthesis of 3 : 4-Benztropolone 


Dewar' has interpreted the chemistry of the 
mould metabolite, stipitatic acid, and of colchiceine 
(the methyl ether of which is the alkaloid colchicine) 
by postulating that they are derived from the hypo- 
thetical cycloheptatrienolone (I). This he termed 
‘tropolone’, and he attributed to it quasi-aromatic 
character. This interesting suggestion, for which no 
tangible evidence was advanced’, has acquired more 
plausibility from the recent demonstration of 
Haworth, Moore and Pauson® that purpurogallin is a 
trihydroxybenztropolone, as earlier suggested by 
Barltrop and Nicholson‘, and from the finding of 
Erdtman and Gripenberg*® that the cedar-wood con- 
stituent y-thujaplicin is an isopropyltropolone. 
Hitherto, a synthetic tropolone of established con- 
stitution has not been prepared, and the properties 
ascribed to such a structure have been based largely 
on speculation. 

We have now synthesized one of the two possible 
benztropolones, uamely, 3: 4-benztropolone (III), 
and have made a preliminary survey of its properties. 
2:3-Benz-l-suberone* was oxidized by selenium 
dioxide in boiling ethanol to 3 : 4-benzsuberan- 
1 : 2-dione (II), a deep yellow liquid, b.p. 128-132°, 
0-4 mm., which gave a mono-2 : 4-dinitrophenyl- 
hydrazone, m.p. 230—232° (found: C, 57-5; H, 
3-95; N, 15-8. C,,H,,0O,N, requires C, 57-6; H, 
4-0; N, 15-8 per cent) and a semicarbazone, m.p. 
190-192°. The diketone (II) was dehydrogenated to 
3 : 4-benztropolone (III) by bromine in acetic acid at 
100°. The tropolone, obtained by this method ia 
small yield, crystallized from cyclohexane in pale 
yellow needles, m.p. 85-86° (found: C, 76-3, 77-0; 
H, 4-7, 4-6. M (Rast), 186. C,,H,O, requires C, 76-7 ; 
H, 4-7 per cent. M, 172). Better results were obtained 
when the dehydrogenation was effected with 10 per 
cent palladized charcoal in boiling trichlorobenzene, 
under nitrogen (5 hours). The benztropolone was 
isolated in 10 per cent yield from the fraction of the 
products soluble in dilute sodium hydroxide solution. 
Two other products, not yet investigated, were also 
isolated. After the crude trichlorobenzene solution 
was diluted with benzene, shaking with sodium 
bicarbonate solution extracted a small amount of a 
compound which, after reprecipitation with acid, 
crystallized from light petroleum in yellow needles, 
m.p. 128-130°. Addition of sodium hydroxide 
solution to the benzene-trichlorobenzene liquors gave 
a buff-coloured neutral crystalline solid, m.p. 265- 
268°, the benztropolone being afterwards liberated 
by acidification of the alkaline liquors. 

Benztropolone, of which purpurogallin is a tri- 
hydroxy derivative, had in most respects the chemical 
properties which would be expected from its structure 
and from the behaviour of natural products thought 
to be tropolone derivatives. Although, unexpectedly, 
not sufficiently acidic to undergo salt formation with 
sodium bicarbonate, it dissolved readily in sodium 
hydroxide solution. By fusion with 80 per cent 
potash at 180-185°, it was almost quantitatively 
converted into a-naphthoic acid. 

The presence of a seven-membered ring, indicated 
by the method of synthesis, was confirmed by 
hydrogenation of benztropolone over Adams’s catalyst 
to the diol (IV), which gave a yellow-green colour 
with Criegee’s potassium tetramethylosmate reagent’, 
was unatiected by alkaline hydrogen peroxide, but 
was oxidized by potassium hypobromite to y-2-carb- 
oxyphenylbutyric acid (V), obtained also by oxidation 
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of benzsuberone with 2 per cent nitric acid*. Benz. 
tropolone showed no carbonyl reactivity, but was 
hydrogenated over palladized charcoal to a resinous 
product which gave an immediate precipitate with 
2 : 4-dinitrophenylhydrazine and was oxidized by 
alkaline hydrogen peroxide to the acid (V), as also 
was benzsuberandione (II). Microhydrogenation of 
benztropolone using palladium-black led to absorp. 
tion of three molecules of hydrogen. Haworth, Moore 
and Pauson’ recorded a similar behaviour in the 
hydrogenation of a methyltropolone, which they 
prepared by degradation of purpurogallin. 

Benztropolone gave a brownish-red colour with 
ferric chloride, and dissolved in concentrated hydro- 
chloric acid to a bright yellow solution. On dilution, 
the colour was destroyed and the benztropolone was 
precipitated. Benztropolone coupled with p-tolyl- 
diazonium chloride to give a crimson precipitate. 

Details of this work, which is being extended, will 
be published elsewhere. 


(CH,),CO,H 


J. W. Coox 
A. R. SOMERVILLE 
Chemistry Department, 
University of Glasgow. 
Jan. 19. 
' Dewar, M. J. S., Nature, 155, 50, 141, 479 (1945). 
* But compare Arnstein, H. R. V., Tarbell, D. 8., Huang, H. T., and 
Scott, G. P., J. Amer. Chem. Soc., 70, 1669 (1948). 
* Haworth, R. D., Moore, B. P., and Pauson, P. L., J. Chem. Soc., 
1045 (1948). 
* Baritrop, J. A., and Nicholson, J. 8., J. Chem. Soc., 116 (1948). 
* Erdtman, H., and Gripenberg, J., Nature, 161, 719 (1948). 
* Plattner, P. A., Helv. Chim. Acta, #., 804 (1944). Cook, J. W., 
Philip, R., and Somerville, A. R., Chem. Soc., 169 (1948) 
” Crtegee, S- Marchand, B., and wndooneen H., Annalen, 550, 111 
* Kipping, F. S., and Hunter, A. E., J. Chem. Soe., 88, 250 (1903). 


Amylopectin and Glycogen: Products of 
Irreversible and Reversible Synthesis 


Ir is assumed that the molecules of amylopectin 
and glycogen have a ramified structure, the glucose 
residues being united by «-glucosidic 1,4- or 1,6-link- 
ages, the latter representing the branching points. 
By 8, the ‘degree of ramification’, we shall denote 
the ratio between the number of 1,6-linkages and 
the total number of glucose residues. For amylo- 
pectin, 8 ~ 0-056; for glycogen, 8 ~ 0-09. 
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The biological synthesis of {the polysaccharides is 
affected by two phosphorylases, one synthesizing 
j,4-lunkages, the other 1,6-linkages, the starting 
material being in both cases glucose-1-phosphate’:*. 
The first enzyme, studied by Hanes and others, when 
acting alone, synthesizes unbranched saccharides of 
the amylose type. This enzyme is called the ‘P- 
enzyme’ by Haworth. Bernfeld, Meyer and their co- 
workers use the designation ‘phosphorylase’, whereas 
the enzyme synthesizing 1,6-linkages is termed 
‘jsophosphorylase’. This enzyme seems, on the 
whole, to be identical with the ‘Q-enzyme’ of Haworth 
and the ‘branching factor’ of Cori. 
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Part of a ramified molecule of the amylopectin-glycogen type. 
Parts outside dotted line are split off as maltose by 8-amylase 


When a polysaccharide is formed through the 
simultaneous action of both enzymes, one may 
imagine two extreme cases: one which has been 
emphasized by Bernfeld*, Meyer‘ et al. is that of 
reversible synthesis, when the macromolecule is in 
contact with the enzymes for so long a time that its 
final state is one of equilibrium ; the other extreme 
isa completely irreversible synthesis, where the growth 
of the molecules is so rapid that the reverse reaction 
is negligible. 

We believe it possible to decide which of these two 
possibilities is most closely approached by studying 
the action of 8-amylase on the macromolecules. This 
enzyme attacks only end chains, splitting off glucose 
units in pairs as maltose’. Now the fraction of the 
total number of glucose residues that can be split 
off by 8-amylase is a quantity characteristic of the 
polysaccharide and can be experimentally determ- 
ined ; we shall denote it as ©. 

A few years ago’, we derived a relation between 
~ and 8 that should hold for the case of irreversible 
synthesis, supposing that the $-amylase cuts off as 
much as possible from the end chains without 
breaking any 1,6-links : 


Coirr) = 0-6557 — 1- rte + 0-3151 B* + 

0-3154 B* + (1) 
Now we have derived the corresponding formula for 
the case of a macromolecule in its equilibrium state 
(reversible synthesis) : 


Semrev.) = 0-5 — 1-258 + 0-625 6? + 
0-3125 87 +... (2) 


In both cases it has been assumed that there is no 
serious steric hindrance, so the probabilities for the 
formation (or breaking) of 1,4- and 1,6-links have the 
same ratio in all parts of the molecule. 
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If these formule are applied to amylopectin with 
8 = 0-065 we find Carirr) = 0°58 and Carrey.) = 0°43, 
whereas the experimental values range between 0-55 
and 0-62. On the other hand, for glycogen with 8 = 
0-09 we find Corirr.) = 0-53 and Corey.) = 0°39, wheseas 
Cexp. = 0-35-0-45. (A higher value which was occasion- 
ally found by Meyer may be due to degradation 
because of the rough pretreatment of the sample.) 

Thus it appears that amylopectin is certainly not 
in an equilibrium state of the type assumed by 
Bernfeld and Meyer, although this might be approx- 
imately true for glycogen. Starch seems to be formed 
chiefly by a one-way process and is stored in the 
plant for a long time, whereas glycogen is formed 
as a reserve for short times of delivery and is con- 
tinuously changing its amount in the animal (and 
yeast) organisms. 

It seems possible that, under certain conditions, 
the organisms can form glycogen so rapidly that there 
is no time for equilibrium. In such samples of 
glycogen, the relation between 8 and € would deviate 
from (2) and tend toward (1). 

Details of these calculations will be published in 
Acta Chemica Scandinavica. 

K. MyRrBAck 
L. G. SILLEN 
Chemical Laboratory, 
University, 
Stockholm. 
Jen. 4. 


' Kerr, BR. W., ““C ~ ag 4 and Industry of Starch”’ (Academic Press, 
Inc., New York, 1944). 

* Meyer, K. H., “Advances in Enzymology’’, 3, 109 (1942). 

* Bernfeld, P., and Meutémédian, A., Meture, 162, 297, 618 (1948): 
Helv. Chim. Acta, 31, 1724, 1735 (1948). 

* Meyer, K. H., et al., Helv. Chim. Acta, 31, 1536 (1948). 

Myrback, K., “Advances in Carbohydrate Chemistry’’, 3, 251 (1948). 

* Sillén, L. G., and Myrback, K., Svensk kem. tid., 55, 294, 311, 354 

(1943); 56, 60 (1944). 


Cephalopods from Local Waters at the 
University of Istanbul 


THROvGH the kindly co-operation of the British 
Council, I have been enabled to examine the local 
collection of Cephalopods of the University of Istan- 
bul, which was sent to me by Prof. Curt Kosswig, of 
the University’s Zoological Depa:tment. 

It comprises eleven specimens, preserved in formalin 
solution : 


Name Overall length 


Eledone moschata (Lamarck ; 
1 
L 


* Sepietta neglecta # (Naef) pa om. 


Sepia elegans (Orbigny ) 
Alloteuthis media (Linné) 


+ Octopodoteuthis sicula (Rippell) 


* Probably S. neglecta. 
+ Both fins had had about a third of the area farthest from the 


body cut off. 


Of these five species, my regional records of the 
distribution of Cephalopods mention, as having been 
encountered in this region, only Octopodoteuthis sicula 
(Riippell) ; locality, east of Rhodes. 

Bassett DIGBY 

7 Pandora Road, 

London, N.W.6. 

Sept. 11. 
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NEW OPTICAL GLASSES 


By R. KINGSLAKE and P. F. DePAOLIS 
Kodak Research Laboratories, Rochester, New York 


EFORE 1880 the only types of optical glass avail- 

able to lens designers were the flint-crown series, 
in which the addition of progressively increasing 
amounts of lead oxide led to a progressive increase 
in both refractive index and dispersive power, so 
that in effect there was a fixed relation between the 
dispersive power and refractive index of all available 
glasses (Fig. 1). 
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Optical glasses (prior to 1880) 





Reciproco! Relative Dispersion 
Fig. 1. 


In order to achromatize any lens, the positive 
elements must be of lower dispersive power than the 
negative elements, and in those days this meant that 
the refractive index of the positive elements had to 
be low, and that of the negative elements high. 
This had two very adverse effects: on one hand, it 
tended to make the Petzval sum large, giving a 
strongly inward-curving field; and, on the other 
hand, it made the surfaces of the positive elements 
strong and those of the negative elements relatively 
weak. As the lens on the whole is positive, this 
resulted in considerable amounts of zonal spherical 
aberration, and also indirectly in large residuals of 
all the other aberrations. 

For two reasons, then, a crown glass was needed 
with low dispersion ang high refractive index, and 
also, if possible, a flint glass of high dispersion and 
low refractive index. The invention of barium crown 
glass in the 1880’s by Abbe and Schott helped greatly 
to meet the first requirement, but the problem of the 
low-index flint was not solved at that time. (Inci- 
dentally, plastics, crystals and liquids mostly tend 
to have higher dispersion for their index than glasses, 
but these materials are generally undesirable for 
other reasons.) 
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Fig. 2. Optical glasses (prior to 1934) 


With the introduction of barium crown glass, many 
new types of photographic lens became possible, the 
first to be developed being cemented triplets of the 
‘Dagor’ type, in which the three glasses are cornmon 
crown, light flint, and dense barium crown in that 
order. Barium crown glass also greatly improved all 
lenses of the air-spaced type (the Cooke triplet and 
the ‘Celor’, for example) by weakening the surfaces 
of the crown elements and enabling the designer to 
shorten the lens without adversely affecting the 
Petzval sum. To be sure, some successful lenses of 
the meniscus type, for example, the ‘Omnar’, were 
designed without using barium crown; but these were 
the exceptions, and they did not become very 
popular. 

The refractive index of barium crown glasses was 
raised slowly and steadily by Schott until the early 
1930’s (Fig. 2). At that time they introduced SK-16 
and SK-18, which marked the upper limit of the 
ordinary barium-soda-lime silica types. These 
glasses are chemically unstable and present diffi- 
culties in lens manufacture because of their sus- 
ceptibility to acid staining, and because of their 
brittleness. 

Following the First World War, G. W. Morey, who 
had done work of great value in connexion with the 
production of optical glass for military purposes, 
discussed the advances which could be made in 
optical glasses with C. W. Frederick, chief of the 
lens designing bureau of the Eastman Kodak Com- 
pany. Frederick suggested that what was wanted 
was a very high refractive index with low dispersive 
power and that even a small production on a labora- 
tory scale would be useful. Morey undertook to 
study the optical properties of glasses in relation to 
chemical composition especially with a view to the 
production of high refractive index crown glasses. 
To this end all high atomic-number cations were 
chosen for systematic study in silicate, borate and 
phosphate glasses. Small] melis of twenty to forty 
grams were made to indicate the field of glass 
formation. The more promising ones were repeated 
in larger melts of fifty to one hundred grams. 

By 1933, the work had progressed to the point 
where silicon and phosphorus were discarded as 
glass-forming elements. Boric oxide hod by now 
proved to be by far the best fluxing agent. Oxides of 
elements such as lanthanum and thorium found in 
the rare earths, and columbium, tantalum, tungsten, 
titanium, zirconium and strontium were used in 
major portions up to 80 per cent by weight, with or 
without the usual barium, zinc, magnesium and 
aluminium. 

In 1934, samples of unusual glasses with charac- 
teristics np in the region of 1-85 and v, the reciprocal 
relative dispersion, of 47-0 were in éxistence, and 
their properties well measured. About this time the 
work was expanded to a larger scale by the Kodak 
Research Laboratories. Under the direction of 8. E. 
Sheppard, L. W. Eberlin and P. F. DePaolis made 
systematic study of the solubility of the rare elements 
in boric acid and the limits of glass formation. The 
results of the combined work were revealed in 
patents by Morey? and by Eberlin and DePaolis’. 
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Lanthanum is very soluble in boric acid, and its 
gntribution to higher refractivity without increase 
of dispersion is remarkable. The oxides of tantalum, 
thorium and tungsten are soluble in the lanthanum 
porate base glass in amounts up to 35 per cent. 
These new borate glasses are very stable and fairly 
yard. They are harder than flints, suitably stable to 
the atmosphere, and amenable to optical shop 
practices of moulding, grinding and polishing. 
' Early ip the development work it was found that 
the new rare-element borate glasses were extremely 
corrosive to all known pot refractories. A decision 
was therefore made to use platinum for the actual 
production of these glasses. This was justified on 
the basis that no platinum would be lost by con- 
tamination, and that the glass, once homogenized, 
could be poured in its entirety, free from striw, into 
asingie slab or into cast shapes without strixw, seed, 
bubbles or other defects usually attending a glass 
made in a refractory pot. 

The first of the new glasses to be made had a 
refractive index of 1-7445 and a reciprocal relative 
dispersion of 45-8. The glass was slightly yellow, but 
further work established the origin of the yellow 
colour, and finally glasses were produced as colourless 
and homogeneous as any other ordinary optical glass. 

Pilot-plant operation began in September 1937, 
and the first commercial glass was delivered in June 
1939. Production increased rapidly, and more than 
125,000 lb. of rare-element glass were produced 
during the Second World War (1942-45). Much of 
the success of the enterprise was due not only to the 
platinum equipment but also to the Kodak method 
if using all-electric heating and a small-pot, ‘multi- 
pot—multi-stage’ process. 

Under sustained production conditions during the 
War, the yield of finished usable glass in a cast form 
was 95 per cent of the theoretical glass available in 
the batch. 

Electric heating was retained in a plant that was 
erected during the War and operated from December 
1942 to September 1945 on a continuous basis of 
approximately 5,000 lb. of finished glass a month. 
The process consisted of feeding thirty-two 10-Ib. 
platinum-lined pots every twenty-four hours, starting 
one every three-quarters of an hour, and progressively 
moving these pots through the various stages of the 
glass-making process. 

Since 1940 the types of these glasses in production 
have been extended, and at the present time the 
following seven types are being made : 

"pn n r 
1 evese BE K-330 1-75510 : 
1-73400 —450 180370 
1-74500 448  1-88040 
1-74450 

All these glasses contain thorium, and in the case 
of folding cameras, in which the lens may rest for a 
long time in close proximity to film, the radioactivity 
of the thorium may be a disadvantage. A thorium- 
free equivalent of ZK-320 is available. 

The new glasses were first used in lens design in 
1934; actual production of lenses began a few years 
later, and to-day many of the Eastman Kodak 
‘Ektar’ lenses contain the high-index glass. The 
versatility of these glasses is evidenced by the large 
number of lens patents which specify such glasses. 

After the transfer of the production of the new 
glasses to the factory, the Kodak Research Labora- 
tories continued their study of optical glasses. 
Theoretical considerations by M. L. Huggins and 
K. H. Sun predicted the possibilities of further new 
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glasses, and their predictions have proved correct. 
Of the glass systems of this type which were worked 
out by Sun, the most useful were flint glasses con- 
taining titanium oxide and using fluorine in addition 
to silica. 

These unusual glasses lie well below the ordinary 
flint line (Fig. 3). For a given index, the dispersion 
is appreciably greater than that of ordinary flints. 
In this sense the glasses may be termed super-flints. 
The best glasses lie in the region 45 per cent silica, 
28 per cent titanium oxide, 27 per cent sodium 
fluoride, ranging in optical properties from np 1 -65/v29 
to np 1-58/v36-6. The glasses can be moulded, are 
very resistant to tarnish, and are easily fabricated by 
the usual optical methods. 

The fluosilicate flints are almost as useful to the 
optical designer as the high-index glasses, since they 
extend the possible difference between crown and 
flint refractive index and between crown and flint 
dispersion. With these glasses, three-element lenses 
have been designed to give even better performance 
than the usual four-element types. K. H. Sun suc- 
ceeded in producing novel mixtures in some twenty 
quite different glass fields, including fluo-borate, 
fluo-germanate® and fluo-phosphate systems. 

A most interesting group of glasses suggested by 
Sun are those containing no oxides and composed 
entirely of fluorides. These glasses show the charac- 
teristic low refractive index and extremely low 
dispersion previously available only in fluoride 
minerals. The refractive index in most of the glasses 
is approximately 1-38-1-39 and the v-value, 100. 
Moreover, the glasses are transparent to below 
300 my in the ultra-violet and to 5 » in the infra-red, 
so that they may be very useful in the making of 
instruments requiring optical transparency over a 
wide range of wave-lengths. Difficulties have been 
met in the production of these all-fluoride glasses, 
but it is possible that these difficulties may be over- 
come in the near future. 

The extension of the frontiers of optical glass by 
this work is illustrated in Fig. 3. In this figure the 
range of optical glasses known before 1934 is shown 
shaded, while the larger area shows the glasses 
that can be made at the present time. 

' British Patent 462,304, oe 8, 1937; United States re-issue 
Patent 21, 175, August 15, 1939. 


* United States Patents 2.206, oa 
2,434,148 ; 


2,241,249; 2,434,146; 2.434,147; 
2,434,149. British Patents 462,304; 608,298, 


* United States Patent 2,425,403. 





414 


ACTIVITY COEFFICIENTS IN 
CONCENTRATED SOLUTIONS 
CONTAINING SEVERAL 
ELECTROLYTES 


By Da. E. GLUECKAUF 
Atomic Energy Research Establishment, Harwell, Berks 


N problems connected with concentrated solutions 
involving several electrolytes, it is necessary to 
have a knowledge of the activity coefficients of the 
separate salts. The determination of these activities 
in mixvures is usually a major experimental difficulty, 
and it is desirable to have a method for their calcu- 
lation. 
An important step in this direction was made by 
Juggenheim' in 1935, who derived the following 


X.Y, 
equation for the activity coefficient f‘'.!) of an 
electrolyte X,Y,, in the presence of another electro- 
lyte X,Y, (in different notation) 


X,Y, 
| ((X,¥,) — _— —- dary, [X] 
SZ raJ : ; a+ 2 XY, i+) 


ry 


— Lary ry (| ¥), 
"aT" TF 
(1) 


where z and y are the ionic charges of X and Y, 
taken positive irrespective of sign, [X], [Y] are the 
molar concentrations of the ions, J is ionic strength 
= $X(2*_X] + y{Y]), and )xy are constants. The 
subscripts 1 and 2 refer to the solutes X,Y, and 
X,Y;, respectively. 

As shown by Guggenheim, this equation with a 
suitable choice of constants gives excellent agree- 
ment with the observations up to an ionic strength 
of about 0-3 mol./l., but does not apply at higher 
concentrations. 

An analysis of the. properties of Guggenheim’s 
equation shows that its application is restricted 
mainly by the assumption that the ‘specific’ part of 
the activity coefficient, represented by the A terms, 
is linear in the concentrations. 

However, if we assume that the 4’s are not con- 
stant, but are functions of the ionic strength J, then 
a much wider range of application is possible. We 
can now eliminate the i’s from the known values of 
the activity coefficients of the pure solutes at this 
ionic strength. This leads to a relationship between 


X.Y, 
the activity coefficients in a mixed solution (per) 


and those of the pure solutes (j4:1:, /+-:, ete.) 
at the total ionic strength J of the solution. 

In the most interesting case, that of two ionic 
solutes with a common ion, we obtain the simple 
relationship : 

x,.Y 
lOZ 10 fa" log re fx¥ 


a ? Tc YY ’ > ' 
XJ | K slows frXt K,log,, f4:¥ — ao 
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where A, = 2,(24,—2, + y), Ky = 2(%, + y)*\2, + 
y) A, = $2, 2,y(x@, — 2,)*(x, + y)~', which permits 
the calculation of activity coefficients in mixed 
solutions if those of the pure solutes are known. 

Similar equations can be obtained for solutions in 
which all the ions are different, and for more than 
two solutes ; and it should be emphasized that none 
of these equations contains freely adjustable con. 
stants. 

Within the limits of the experimental error, 
equation 2 is obeyed equally well if used with the 
‘practical’ activity coefficients (y, for use with mol. 
alities), instead of the ‘rational’ ones (f, for use with 
mole-fractions). 

The agreement of equation 2 with the experimental 
data is shown by the example of the activity co. 
efficients of hydrochloric acid for mixtures of 0-01 M 
acid and barium. chloride (0-03-3 molar ionic 
strength), representing the influence of a 2: 1 electro. 
lyte on the activity of a 1:1 electrolyte (see 
Table 1). 


Activity coefficients of hydrochloric acid in the presence of 
barium chloride at 25° C 


Table 1. 


lonic Hcl 

strength [x BaCl,) Jeune =0 01 
(molal) ~— - —_——-- Hcr 
| Cale. from found‘ 
| equation 2 i 
0-03 OSS O-R54 O-°R55 
0-05 

0-10 


| | 

0-823 0-826 | O-8304 
| 0-782 0-786 | 0-7064 
0-5 0-708 0-705 0-7571 
10 | 0-698 

20 0-743 

oO o-a21 | 


00-8090 
1-09 
1-316 


0-699 
0-743 
0-823 


The knowledge of activity coefficients in the 
presence of multiple solutes renders possible the 
application of mass-law equations to the solubilities 
of highly soluble electrolytes. Table 2 shows the 
constancy of the solubility product of barium chloridé 
in the presence of hydrochloric acid, if use is made 
of the activity coefficients calculated by equation 2. 
It speaks for the correctness of the theory that the 
same solubility product (2-1 + 0-05) is obtained if 
sodium chloride is used as a salting-out agent. These 
examples represent the influence of 1 : 1 electrolytes 
on the activity of a 2: 1 salt. 


Table 2. Solubility product of barium Sputte in the presence of 


hydrochloric acic 


Molalities* BaCi,\* | 

> -_ (vine) | {Ba++] [cry 

Bach, | cale.from refs. 2.3 
0-090 
0-108 
0-124 
0-131 
0-153 
0-182 
0-217 
0-286 
0-620 
0-890 


Another important application of the theory con- 
sists in the use of equation 2 for the calculation of 
activity coefficients of pure solutes in very greatly 


supersaturated solutions. After obtaining y rn 
from solubility products in the presence of a second 





ol. 


y) “(7° 
1 Permits 
nh mixed 
nown. 

utions in 
ore than 
hat none 
ble con. 


sl error, 
with the 
‘ith mol. 
use with 


rimental 
iVity co. 
rO-O1M 
ir i0nie 
electro. 
rte (see 


ibilities 
ws the 
hloride 
Ss made 
ition 2. 
hat the 
ined if 
These 


rolytes 


y con- 
ion of 


March 12, 1949 


elute, equation 2 can be solved for the activity 
efficients of the pure solute (y*.1) at the ionic 
gengths of the mixed solutions, which are often 
geater than the saturation strength J of the pure 
alt X,Y. As the activity coefficients so obtained 
gust be independent of the nature of the second 
solute, agreement of the values of y*:' obtained 
fom different combinations of solutes provides a 
very stringent test for the theory. 

The accompanying diagram shows the activity 
vefticients of supersaturated solutions of pure barium 
sitrate calculated from its solubility data in the 
presence of barium chloride, potassium, sodium, 
alcium and ammonium nitrates, and nitric acid‘, all of 
which agree perfectly in spite of the greatly differing 
eflect of these solutes on the solubility of barium 
aitrate. The method is particularly suitable for the 
alculation of activity coefficients in supersaturated 
«lutions of salts of medium and low solubility, and 
t promises a considerable extension of our knowledge 
ofactivit y coefficients by the application of equation (2) 
to the enormous mass of existing solubility data. 
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RIVER-FLOW SURVEY AND 
RECORDS 


GEOPHYSICAL Discussion on the subject of 

“River-Flow Survey and Records” was held by 
the Royal Astronomical Society in its rooms at 
Burlington House, London, W.1, on January 28, 
1949, with Sir Roger Hetherington in the chair. 

Mr. H. J. F. Gourley opened the discussion. He 
said that rivers have always played a very important 
part in the life of the community. In Great Britain 
the upland tributaries, which are free of contamina- 
tion, form the chief source of water supply. The 
larger tributaries and main streams determine the 
sites of villages and towns and provide the necessary 
water for industrial development. Thus, quite apart 
from its scientific interest, an accurate knowledge of 
river flow is of great importance. The minimum flow 
is of special significance, for it determines the amount 
of water available for industrial processes such as 
cooling, and limits the amount of effluent which may 

be discharged with- 





, Stuy 


out excessive contam- 
ination. In areas 
liable to flooding, the 
maximum flow is also 
of obvious importance. 

The Land Drainage 
Act of 1930 made no 
provision for Govern- 
ment grants towards 
the expenses involved 
in gauging the flow 
in British rivers, but 
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This extension of the theory to high concentrations 
joes not, of course, improve other shortcomings which 
ate inherent in the basic assumptions employed in 
the derivation of Guggenheim’s equation, in particular 
the Bréasted* assumption: “that ions are ‘specific- 
ally’ influenced only by ions of opposite sign’’; and 
in a number of cases equation (2) is only very imper- 
fectly obeyed and apparently requires the introduction 
of an additional term. But in those cases where 
Bréasted’s postulate is fulfilled, the new assumptions 
kad to equations which fully represent the ‘specific’ 
ion effects and cover the whole range up to and 
beyond the saturation concentrations. 

Further details, including applications and critical 
discussion, will be published in due course. 
Guggenheim, E. A., Phil. Mag..19, 696 (1935) (equation 52, symbols 

changed). 
Harned, H. 8., and Owen, B. B., ‘*Physical Chemistry of Electrolytic 
Solutions”, table 11-4-1A, p. 547 (1943). 
Robinson, R. A., and Stokes, R. H., Trans. Farad. Soc. 36, 735 (1940). 
Harned, H. 8., and Geary, C. G., J. Amer. Chem. Soc.,§@, 2032 (1937). 
Solubility data from Gmelin’s “‘Handbook’’ (8th edit.). 


‘Bronsted, T., J. Amer. Chem. Soc., 44, 877 (1922). 


the River Boards Act 
(1947) has now rem- 
edied this. It also 
empowers the Minis- 
try of Health to make 
recommendations to 
the various river 
boards. At present, 
the Thames is the 





lonic strength (in mol./1,000 gm. H,O) 


Activity coefficients of pure Ba(NO,), in supersaturated solutions calculated from solubilities in 
the presence of other solutes. Inset: solubility product of Ba(NO,), in mixed solutions 


only river in Great 
Britain for which day- 
to-day records exist. 
In other cases, the 
Meteorological Office 
provides good estimates of the rainfall, but lack 
of knowledge of evaporation and storage makes 
estimates of run-off somewhat uncertain. They 
form the principal data from which the engineer 
can work, and provide a valuable means of obtain- 
ing advance information of floods. Nevertheless, 
they cannot replace accurate gauging, and it is to 
be hoped that the Ministry of Health will, in future, 
give every encouragement to this type of work. 

Dr. J. Glasspoole, of the Meteorological Office, 
described how estimates of river flow can be made 
from rainfall data. Great Britain is remarkably well 
equipped with rain gauges, and analysis of the 
records from these has led to a good understanding 
of the effect of topography on the distribution of 
rainfall. The actual precipitation over a given basin 
can usually be determined to within a few per cent, 
but to derive the run-off in the river requires, in 
addition, a knowledge of storage and evaporation. 
Neither is accurately known, but, even so, the 
correlation coefficient between rainfall and run-off is 
0-9, indicating that 80 per cent of the observed 


30 3°6 
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fluctuations in river flow can bé accounted for by 
precipitation. To obtain better results there must be 
close collaboration between meteorology and hydro- 
logy. Further information is required on snowfall 
and its rate of melting. The factors affecting evapor- 
ation are very complex, and although considerable 
work has been done on this problem, it seems unlikely 
that reliable estimates can be made at present. River 
flow records are therefore an essential factor, not only 
for determining the actual run-off but also as a means 
of finding out about storage and evaporation. 

The technical problems involved in gauging the 
flow of a river were described by Capt. W. N. McClean. 
When measurements are required, it is seldom prac- 
tical to construct a special weir or flume, and in 
these circumstances the best method is to select a 
stable reach and measure the flow through this with 
a current meter. Readings must be taken over the 
whole cross-section area and integrated to give the 
total flow. Means of locating the current meter 
quickly and accurately are of great practical im- 
portance, and some details were given of a suitable 
eableway which could be stretched across the river 
and from which the meter could be lowered at any 
selected point to the required depth. Measurements 
of flow have been made for several rivers in Scotland, 
and fifteen years of continuous records for five of 
these have been published in tabular form by Capt. 
McClean. But much more work is required. Water 
is a very valuable asset, more valuable even than 
coal, and yet there is no Inland Water Survey in 
Great Britain. Recent flood on the main 
railway line north of Bé®wick might well have been 
averted had there been adequate rainfall and run-off 
data available to the engineers who designed the line. 
The silting up of estuaries and the design of hydro- 
electric schemes are also problems for which river 
flow records are essential. There is a great need for 
an organised survey, calling for close co-operation 
between the Ministry of Health, the Ordnance Survey, 
the Meteorological Office, the Ministry of Agriculture 
and Fisheries, and the various river boards and 
water supply authorities. 

Mr. W. Allard, of the Ministry of Health, explained 
how it is that in the past so little attention has 
been given in Great Britain to river flow recording. 
Water supplies are abundant, and there has been no 
difficulty in meeting the small requirements. In the 
case of the Thames, very complete data exist ; 
records of the flow at Teddington weir go back as far 
as 1883. In due course, no doubt, the various river 
boards will put forward their own suggestions for 
surveys. Both graphical and tabular methods of 
recording river flow were considered by Mr. Allard, 
and it was shown how such data could be used to 
predict floods and to estimate the changes in flow 
which would result from a given precipitation. 

A lively discussion followed in which all agreed 
that a more complete survey of river flow is most 
desirable. Mr. E. Gold pointed out that the average 
flow gave little useful information and that it was 
important to know the fluctuations. The Zambesi 
Falls were given as an example. Here the average 
annual ratio of maximum to minimum run-off is 
about 30 to 1, which makes the falls almost useless 
as a source of hydro-electric power. There were, 
however, considerable differences of opinion as to the 
best method of making the measurements. Mr. R. V. 
Stock, of the Thames Conservancy, described the 
system of weirs in use at Teddington and explained 
how it was intended to extend and improve them, 
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to obtain greater accuracy especially at times of 
minimum flow. Sir Claud Inglis stated that weir 
and throated flumes gave the best accuracy, by 
Capt. McClean maintained that the propeller type of 
current meter could give excellent results, and. 
further, could be used on any stable reach of a river 
without the need for special constructional work. 
Mr. J. F. Francis, however, doubted if the latter cou 
provide measurements accurate to better than a fey 
per cent; for very low rates of flew, propeller zauges 
are not reliable. 
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COMMONWEALTH COUNCIL FOR 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH 


ie twenty-first annual report of the Council for 
Scientific and Industrial Research*, Common. 
wealth of Australia, covering the year ended June 30, 
1947, states that consideration was being given + 
the establishment of two divisions for textile research, 
one for fundamental work on the chemistry and 
physics of the wool fibre, and the other to concentrate 
on the technology of the spinning and utilization of 
wool. It was hoped at an early stage to communce 
some work on the degreasing of wool with hydrn. 
carbon solvents as distinct from the normal seap nd 
water scours, and that university research worker 
will be encouraged to study the fundamental structux 
and properties of the wool fibre. Other new develop. 
ments include the appointment of an officer to tak 
charge of the Meteorological Physics Section, wher 
work for a few years will centre on the detailed 
examination of the atmospheric conditions over 4 
small area. Arrangements have also been made by 
the Council for a small co-operative section of metal- 
lurgy to be accommodated at the University of 
Melbourne. The initial programme of work will 
include studies of the properties of metals at high 
temperatures, the preparation of metal compacts 
from metal powders and the application of X-rays 
to studies of metals and alloys. A small team of 
engineers and chemists has been collected to stud) 
the utilization of atomic energy for industrial pur- 
poses; this team will work at Harwell, England. 
and arrangements have also been made for a 
operative programme of research in nuclear physics 
at the University of Melbourne. A Tracer Element 
Research Committee has been appointed to advise 
the Council in work with radioactive isotopes. 
Reports have indicated that much of the trouble 
existing in Australian coal mines could be alleviate 
by applying established methods of dust prevention. 
and it has also been recommended that a mor 
detailed survey should be made of the conditions it 
the mines and into the best means of measuring 
dust concentrations; and as a result of the visit 
of the late Prof. T. David Jones, the Council has 
established a Coal Dust Research Advisory Com- 
mittee to advise on a programme of research 
Attention was also given to the scientific aspects 
of plans for the Australian Expedition to the 
Antarctic during 1947-48. The Expedition was 
expected to pay particular attention to geophysical 
problems, including meteorology, the earth’s mag: 


* Commonwealth of Australia. Twenty-first Annual Report of the 
Council for Scientific and Industrial Research for the year ended 
30th June, 1947. Pp. 139. (Canberra: Commonwealth Government 
Printer, 1948.) 6s. 
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netism, cosmic rays and, possibly, radio propagation. 
The scheme for overseas training is now in full 
operation, and twenty-five officers were abroad during 
1946-47. Special emphasis is also laid in the report 
on the increasing help given to the Council by the 
universities. 

The work of the Division of Plant Industry has 
continued on similar lines to those described in the 
previous report. Work on weeds has now been 
divided into two sub-sections—physiology and 
ecology. The former is concerned with the physiology 
and biochemistry of plants as related to the pene- 
tration and translocation of plant poisons and with 
the development of more efficient herbicides. The 
ecology sub-section is concerned with the determ- 
ination of the ecological factors pertaining to the 
invasion and establishment of weeds, particularly in 
grassland, including the testing of herbicides in the 
field. ‘The search for native plants as sources of 
supply for medicinal drugs and insecticides has con- 
tinued, and a list of publications of the Division 
during the year is appended. 

In the Division of Economic Entomology, the most 
important development during the year has been the 
change in the cattle-tick situation as a result of the 
thorough establishment during the year of the 
practicability and efficacy of using a water-miscible 
preparation of D.D.T. in dipping-vate. This pre- 
paration was developed in June 1946 by a team of 
the Division’s workers in Queensland. 

Much of the work of the Division on the chemical 
control of insect pests has been concerned with the 
use of D.D.T. and ‘Gammexane’, very promising 
results being obtained in Western Australia with 
these dusts against the red-legged earth mite. Bio- 
logical-control investigations form a major part of 
the Division’s activities and have progressed very 
satisfactorily. The introduced insect enemies of St. 
John’s wort continue to clear land of the weed at an 
undiminished rate, and new projects which have been 
initiated include: the introduction and breeding of 
parasites of the cabbage moth ; a biological study of 
the Dawson River sandfly; laboratory studies of 
factors controlling the levels of insect populations ; 
and ecological studies of cockchafer beetles. A 
meeting of the Codling Moth Committee, at which 
all the State Departments of Agriculture were repre- 
sented, as well as the Waite Agricultural Research 
Institute and the Division itself, was convened at 
Canberra in May 1947. The Division of Animal 
Health and Production continued its work on the 
usual lines, but difficulties arose in all branches of the 
work, mainly through the shortage of accommodation 
supplies and staff. Plans for the development of the 
work on animal breeding, genetics and animal pro- 
duction, however, were advanced during the year, 
and in the Department of Biochemistry and General 
Nutrition increased attention has been given to 
research on more fundamental spheres of the nutri- 
tional physiology of sheep. 

Soils investigations have again largely been con- 
cerned with areas intended for land-settlement 
schemes for returned servicemen and especially those 
areas in which a major change in the use of the land 
is contemplated, such as from dry farming to irrigation 
or from native vegetation to seeded pastures. Studies 
on soils associated with toxemic jaundice of sheep 
have continued, while, besides the investigation of 
methods of determining phosphates in soil, a new 
method has been developed for the determination of 
molybdenum in plant materials. The principles 
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underlying retention of water in svils have been 
further studied, and investigations, which were 
commenced for the Building Materials Section, on soi} 
as a foundation material for houses, have continued. 

Considerable progress is reported in forest products 
investigations, and fundamental studies on wood 
chemistry and pulp and paper problems have been 
continued in co-operation with the pulp and paper 
industry. With the object of accumulating the 
requisite background and information for an exam- 
ination of saw-mill design, saw-mill studies have been 
carried out in Queensland in co-operation with the 
Queensland Sub-Department of Forestry and the 
Queensland Timber Stabilization Board, and in 
Victoria with the Victorian Saw-millers’ Association, 
Work on the thermal conductivity of wood and on 
creep in initially green beams has continued, and an 
attempt was made to standardize the methods of 
electrical strain-gauge manufacture and to improve 
the technique of the manufacturing process. Other 
work, on the seasoning and the preservation of timber, 
particularly ths preservative treatment of the tree- 
wood of eucalypts of lower durability for railway 
sleepers, has yielded important results; and work 
on the latter problem has indicated that a study of 
the diffusion of electrolytes into timber offers a 
possible approach to fundamental aspects of the 
physical chemistry of wood. 

Besides the changes in food-preservation investi- 
gations recorded in last year’s report, the Physics 
and Transport Section has commenced a major 
investigation of the transport of frozen produce in 
insulated railway vans, and more attention has been 
given to several long-term chemica] and biological 
studies. Investigations of the volatile organic sub- 
stances from Granny Smith apples, the mechanism of 
catalytic oxidation of ascorbic acid by metals, and 
the stability of dehydroascorbic acid were carried out ; 
the anti-bacterial properties of cationic detergents, 
the maturation or tenderizing of beef, the damage 
to beef casings by Dermestes vulpinus, and skin 
coatings for apples also received attention; and the 
pro es of work on fruit canning and the 
dehydration of fruit and vegetables have been carried 
out. Further progress is reported in the development 
of the schedule of fisheries research, but, although all 
sections of the freshwater, estuaries and inshore 
programme were extended, deep-sea investigations on 
pelagic fish occurrences with the motor vessel Warren 
could not be resumed until January 1947. During 
1947-48 it was hoped to extend the exploratory 
and survey work to tropical waters. An exceptionally 
interesting report records progress in survey work or 
investigations on pilchards, sprats, anchovies, white- 
bait, trawl fish, Australian salmon, mullet, shellfish, 
marine crayfish, etc., as well as in hydrological and 
seaweed investigations. 

The Division of Metrology reports increased atten- 
tion to the maintenance of standards and associated 
research, including the measurement both of mass 
and length and associated quantities. The Division 
of Electrotechnology has likewise been able to give 
more attention to fundamental research and is 
developing its research activities mainly on the 
electrical and magnetic properties of materials and 
mathematical instruments; work in the former 
direction has been so far confined to dielectrics, 
including the treatment of glass, steatite and other 
siliceous compounds to improve their electrical 
insulation resistance to moist atmospheric conditions, 
and the relation between molecular structure and 
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dielectric properties of insulating materials. A more 
balanced programme of work has been possible in 
the Division of Physics, where about half the time 
of the scientific staff is now available for research. 
Three new major projects have been commenced : 
the setting up of equipment for research at very low 
temperatures; laboratory investigations on the 
artificial production of rain; and the absolute 
measurement of ultra-violet spectral energy distri- 
butions with the view of determining solar energy 
distributions. Advice has been given on special 
devices for temperature measurement and control, 
and work is also reported on the physical phenomena 
involved in the formation of ice crystals, on the 
physics of solids, photometric standards and evapor- 
ation plant. 

In the Division of Aeronautics greater concen- 
tration on the fundamental and long-term projects 
was also possible, and, while the Australian Council 
for Aeronautics was disbanded during the year and 
will be replaced by a research committee, the relations 
of the Division with the Universities of Sydney and 
of Melbourne have already been strengthened. 
Reference is made in the report to work on such 
varying topics as the stability of plates and shells, 
the life of aircraft and effect of temperature on their 
strength, fatigue of metals, properties of alloys, 
powder metallurgy, high-speed subsonic and trans- 
sonic flow, the use of suction to increase efficiency at 
moderate speeds, piston-ring lubrication and the 
elimination of wear due to dust. In the Division of 


Industrial Chemistry progress is reported in the 
jnauguration of ceramic research, but the work of the 
Biochemistry and Organic Sections has been handi- 
capped by absence of proper accommodation. Con- 


struction of a new building was expected, and in 
the meantime the work of the Division has continued 
much on the lines described in the last report. 
Collaboration with the Division of Physics in studies 
of the structure of the wool fibre continued, and 
theoretical and experimental investigations have 
been conducted on luminescent materials used in the 
jamp and radio-valve industries. 

Work in the Division of Radiophysics has led to 
fuller knowledge of the radiations emitted at radio 
frequencies from the sun and in the universe. This 
Division has opened up a promising new avenue of 
research which should provide basic information on 
the physics of cloud formation and may lead to the 
practical possibility of stimulating rainfall by artificial 
means and to the completion and successful demon- 
stration of new radar aids to civil aviation. The 
Section of Tribophysics has confined its work on 
lubrication mainly to a study of the frictional proper- 
ties of molecular layers of lubricating substances. 
Wear is being studied by mechanical and metallurgical 
methods as well as with a radioactive tracer tech- 
nique. The group dealing with the mechanical 
properties of metals is endeavouring to obtain a 
better knowledge of the properties of metallic crystals 
and the way the mechanical properties in particular 
are changed by heat. The work on explosives has 
already made substantial contributions to knowledge 
of the mechanism of explosion in liquids. 

The work of both the Building Materials Research 
Laboratory and of the Flax Research Laboratory has 
been seriously handicapped by limited accommo- 
dation and, for the former, by the further difficulty 
in recruiting staff. Nevertheless, weathering studies 
have proceeded, as well as investigations on concrete, 
masonry, surfacing materials, building boards and 
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insulating materials, adhesives, etc. The Dairy 
Research Section, which has now incorporated the 
Dairy Section of the Division of Industrial Chemistry, 
has studied the advantage of eliminating the washing 
of buttermilk from the butter granules, weed taint 
in butter and the utilization of the solids of skim 
milk. Among miscellaneous investigations is included 
an account of the study of the growth and rubber 
content of the guayule plant under Australian 
conditions at the Waite Institute, Adelaide, which 
was commenced five years ago and which is now 
approaching a stage when interesting and important 
comparisons will be possible. 


DESIGN OF RADIO AERIALS 


HE number and diversity of the radio com. 
munication services now in operation in an 
overcrowded spectrum demands that the utmost 
efficiency must be obtained in the design and opera. 
tion of both sending and receiving stations. At the 
transmitting end it is necessary that the minimum 
power be used and the radiation be concentrated in 
the desired direction; while at the receiving end 
aerials of high directivity are also required in order 
to ensure that the incoming field produces a satis. 
factory signal, to the exclusion of any unwanted 
noise or radiation coming from some other direction, 
Thus, in point-to-point communication it is desir. 
able to make the two aerial systems as directional 
as possible. At fixed frequencies high directivity can 
be obtained by using aerial-array, long-wire, or 
rhombic aerial systems, but if several frequencies are 
to be used with the same system, aerial arrays are 
unsuitable. 

A report which will help the engineer in designing 
a radio communication service for maximum efficiency 
has recently been published*. It presents in a con- 
venient form a generalized analytical method of 
calculating the polar diagram of any long-wire aerial 
system over a wide band of frequencies. The analysis 
is also applied to the determination of the polar 
diagrams of horizontal rhombic aerials. 

The object of the paper is to describe the simple 
theory of long-wire aerials in such a manner that the 
physical principles involved may be readily under. 
stood and the results applied to special or new 
systems. Methods are developed whereby the prob- 
able polar diagrams of long-wire systems may be 
rapidly estimated for a wide range of operating fre- 
quencies or for changes in other parameters. These 
may be used to reduce the work involved in cal- 
culating an accurate polar diagram in which allow- 
ance is made for second-order effects ; the technique 
is to sketch the approximate polar diagram given by 
the simplest theory applicable to the problem, and 
then to calculate the exact values for the important 
maxima and minima. The results of the analysis 
are presented in the form of design charts with such 
information as: families of contour curves of con- 
stant directivity against angle of azimuth and eleva- 
tion for a constant frequency ; or as curves giving 
the position and relative amplitude of the main lobes 
in the vertical plane through the aerial against angle 
of elevation and frequency. A similar treatment is 

* De nt of Scientific and Industrial Research. Radio Research 
Specia! No. 16. A Method of Determining the Polar Diagrams 


c Long-Wire and Horizontal Rhombic Aerials. By W. R. Piggott. 
Pp. iv +39. (London: H.M. Stationery Office, 1948.) Od. net. 
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followed for the case of the horizontal rhombic aerial. 
The methods described may easily be applied to 
other types of long-wire aerial, or to linear arrays of 
grials having constant input amplitude in each 
serial, and constant relative phase shift between 
serials. 

The approximate methods described are particu- 
larly useful when calculating coverage areas obtained 
by reflexion from the Z- or F-regions in the iono- 
sphere. It is unnecessary to know the polar diagram 
shapes exactly as the movements of the reflecting 
layers from day to day cause appreciable changes 
in the exact zone covered, and the approximate 
results are therefore of great practical value. 
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MIDDLE DEVONIAN OSTEOLEPID 
FISHES OF SCOTLAND 


R more than a century, since the days of the 
pioneer workers on the Old Ked Sandstone, the 
osteolepid fishes have proved a source of difficulty to 
vertebrate paleontologists, and even more so to 
stratigraphers. One has only to glance at the 
restorations of the whole fishes on p. 103 of Dr. E. 
Jarvik’s recent monegraph* and of the heads of the 
various forms dealt with to understand why. For so 
uniform in general are their characters that unless 
the bodies are well enough preserved to show the 
details and the disposition of the fins it is almost 
impossible to be certain even of the genus, and if the 
skull-roof is not clearly shown then the species is 
more often than not in doubt; and finely preserved 
bodies and clearly detailed heads are not so very 
common in these ancient strata, laid down 300 
million years ago. The long historical accounts of 
each of the three genera and seven species described 
clearly indicate the confusion that has arisen in the 
past, and even Dr. Jarvik’s exhaustive investigations 
leave some loose ends for future work«rs to tie up. 
The group is a most important one. anatomically 
by reason of its close relationship to che fishes from 
which the land vertebrates sprang, and geologically 
as one of the dominant types present in these com- 
plicated stratal series. This fine volume is a worthy 
addition to the classical series of exhaustive and 
luxuriant memoirs on the early fossil Vertebrata that 
have issued in an endless stream from the Stockholm 
school under the guiding genius of Prof. Stensié, and 
in it Dr. Jarvik gives a full account of the external 
anatomy of this difficult group and of its systematics, 
which will long remain a standard on the subject, 
even if one cannot accept all his conclusions. The 
long-fought controversy regarding the identity of the 
external bones of the skull, upon which their nomen- 
clature, of course, depends, is again gone over, and 
Dr. Jarvik has decided definitely in favour of the 
‘Fusionist’ or Swedish school of thought as against 
the ‘Keplacement’ or Anglo-American school. Yet 
Dr. Jarvik himself makes some admissions and 
expresses some doubts, though of a minor nature, as 
to the completely universal application of his con- 
clusions—much depends on analogies with similar 
structures in modern fishes; and the evidence of 
analogies is not always conclusive, especially as no 
living fishes are closely related to the archaic osteo- 
*On the Morphology and Taxonomy of the Middle Devonian 
Osteolep'd Fishes of Scotland. By KE. Jarvik. Kungl. Svenska Veten:k- 
apsakacemiens Handlingar, Serien 3, Band 25, No. 1. Pp. 301 + 
Hh, ites (Stockholm: Almquist und Wiksells Boktryckeri A.-B., 
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lepids. We may perhaps be pardoned, therefore, for 
hesitating to believe that the final word on the subject 
has been written. 

The stratigraphical results are important, but 
before full advantage can be taken much new collect- 
ing would be necessary—and that, unfortunately will 
not be possible in all cases. The early collectors of 
fossils, and not only of Old Red fishes, either did not 
appreciate the need for exact localization, or deliber- 
ately gmitted details from labels in order to keep to 
themselves the whereabouts of ‘rich strikes’, and so 
the source of many of the specimens is uncertain. 

Finally, Dr. Jarvik is not quite clear on the rules 
of systematic nomenclature. In naming a group of 
the genus Osteolepis which Pander had apparently 
wrongly referred to Agassiz’s uncertain species O. 
microlepidotus, he calls it O. panderi (Pander). 
Pander may have properly defined this group for the 
first time, but a name cannot be attributed to a man 
who died decades before it was invented (and anyway, 
why in brackets? Pander at least put it in the right 
genus); and the species, if valid, must be known as 
Osteolepis panderi Jarvik. This is a minor point, and 
it is, perhaps, ungrateful to mention it in reviewing a 
work of this importance; but whatever one may 
think about the subject of systematic nomenclature, 
it has a proper function and should be used correctly, 
especially when the author makes some show of 
taking the matter seriously by quoting rules and 
opinions, and particularly in a volume that is likely 
to remain the standard work of reference on the 
subject for some time to come. Errot WHITE 





FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 
Monday, March 14 


ROYAL GEOGRAPHICAL Society (at Kensington Gore, London, 
8.W.7), at 5 +=, 0. G. 8. Crawford : “Some Mediaeval Theories 
about the Nile Basin”. 


UNIVERSITY OF LONDON (in the Assembly Hall, Institute of Educa- 
tion, Malet Street, London, W.C.1), at 5.30 p-m.—Mr. T. G. Ridling : 
“The Translation of Technical Education”. 
CHEMICAL SociETY, ETRE SECTION (joint meeting c—, the UNIVER- 


SITY COLLEGE OF DUBLIN CHEMICAL SOCIETY the WERNER 
ETY, in the De nt of Chem , Trinity College, Dublin), 
8S. Wheeler: “The elopment of the Periodic 


Soct 
at 7.45 p.m.—Prof. 
Table”. 

Tuesday, March I5 


CremicaL Socrery, Leeps SgcrTion (joint meeting with the 
UNIVERSITY CHEMICAL SoctETY, in the Chemistry Lecture Theatre, 
The University, Leeds), at 5 p.m.—Display of Scientific Films; at 
6.30 p.m.—Prof. E. L. Hirst, F.R.S.: “Structural Relationships 


amon the Polysaccharides”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
5.15 p.m.—Prof. H. J. Emeléus, F.R.S.: “Some Recent Advances 
in Radiochemistry”. (Further Lectures on March 22 and March 29.) 

SOcIRTY OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
(at the Geological sd Burlington House, Piccadilly, London, W.1), 
at 5.30 p.m.—Mr. H. P. Tyrer: “Outline of the History and De- 
velopment of the Beet int Industry in Great Britain’. 

UNIVERS'TY OF LONDON (at the Institute of ange 
Cirele, Regent's Park, London, N.W.1), at 5.30 p.m.—Prof. 
Codrington : ae Cereals and Barly Civilizations”. cog (Further 
Lecture on March 22. 

Socigty OF ae INDUSTRY, PLasTics Group (at the Royal 
Society of Tropical Medicine = House, 26 a Place, 
London, W.1). at 6.30 p.m.— L. Clarkson and Mr. N. D. Mac- 
Leod: “Polyvinyl Chloride Paw. y 

INSTITUTION OF THE RUBBER INDUSTRY, LONDON AND DISTRICT 
SECTION (at Caxton Hall, Caxton Street, London, 8.W.1), at 7 p.m— 
Mr. W. H. Reece: “Continuous Vulcanisation 

INSTITUTION OF THE RUBBER INDUSTRY, SCOTTISH SECTION (at 
the —e- _ of Engineers and Shipbuilders, 39 a es 
Glasgow), at 7.30 p.m.—Annual General Meeting ; WwW. J. 
Naunton and Mr. J. M. Buist: “Rubber to Metal ponding” 


Wednesday, March 16 
ASSOCIATION OF APPLIED BIOLOGISTS (in the large Physics Theatre, 
Imperial College of Science and Technology, Imperial Institute Road 
(morning session), and the Metall Lecture Theatre, Prince Consort 
Road ( rnoon session), London, 5.W.7), at 11.45 a.m. and 2.15 p.m. 
—Papers on “Growth- -promoting Substances in Agriculture and Horti- 
iture”’. 
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ROYAL Instrrvre oF CHEMistry, Lonpon and 5.E. CoUNTIES 
Section (joint meeting with the LONDON BRANCH of the INSTITUTE 
or Prystcs, at the Ro ee, Albemarle Street, London, W.1), 
at 2.30 p.m.—Prof. A M. Stratton, F.R.S., and Mr. F. Hoyle: 
“The Chemistry and Paysites of Hot Stars”. 

Royat Socrgsty or Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Sir Charles Reid and Dr. William Reid: “The 
| — ees of the British Mining Industry” (Cadman Memorial 
ecture 

ROYAL METEOROLOGICAL Society (at 49 yy Road, London, 
S.W.7), at 5 p.m.—Discussion on Pee | a Agriculture” (to be 
opened by Dr. H. L. Penman and Mr. R. Gloyne).* 

Royal Sratisticat Socrsry (at the London School of am 
and Tropical Medicine, » Keppel § Street, London, W.C.1), at 5.15 
Prof. Gerhard Tintner: ‘Foundations of Probability and istical 
Inference”’. 

MANCHESTER LITERARY AND PHILOSOPHIC a a = SOCIAL 
PurLosopay Section (at the Portico Library, Mosley Street, Man- 
chester), at 5. 30 p.m.—Mr. Michael Oakeshott : MW hat is Political 
Philosophy ?” 

ROYAL Microscopical Socizery (in the Hastings Hall, as 2 
House, Tavistock Square, London, W.C.1), at 5.30 p.m.—Dr. L. 
Dawson: “The Electron Microscopy of Animal Viruses’. 

ROYAL Statistica, Socrery, NorTsH-EasTern Group of the 
INDUSTRIAL APPLICATIONS SECTION (at the Chemical Industries Club, 
18 Lovain Place, Newcastle-upon-Tyne), at 6.30 p.m.—Mr. W. J. 
Jennett: “The Integration of Elementary and More Advanced 
Statistical Methods in the Control of Processes’. 


Thursday, March 17 

Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Scientific Papers. 

INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burli m House, Piccadilly, London, W.1), at 5 p.m.—Dr. J. M. 
w: “Geophysics and Economic Geology”. 

seanen MATHEMATICAL SocteTy (at the Royal Astronomical 

prety, = . — Piccadilly, London, W. 1), at 5 pm.— 
“The Theory of Space Groups”. 

ROYAL LIystrrvTion (at 21 Albemarle Street, London, W.1), at 

5. ‘- 4 ow Lawrence B F.R.S.: “The ies of the Solid 

(Further Lectures on March 24, March 31 and April 7.) 
‘Rae AERONAUTICAL Soctety (at the Institution of Civil —— . 
Great Street, London, peat) 6 Bae —Mr. J. Mullin and 
Mr. C. G. I. Gardiner: “The Des ign of Propellers” 

SOcigTY OF CHEMICAL pon. og ROAD AND BUILDING MATERIALS 
Grovur (joint meeting with the Lonpox Group of the INDUSTRIAL 
A! PLicaTions Section of the RoYAL STATISTICAL Socrgty, at Gas 
Ind _— a, 1 Grosvenor Place, London, 5.W.1), at 6 p.m.—Mr. 
F. Ox “The Use of Statistical Methods in Road Research 

CHEMICAL SoctrTy (at Burlington House, Piccadilly, London, W.1), 
at 7.15 p.m.—Discussion on “Aspects of Heterogeneous Catalysis’ 
(arra: by Dr. R. Holroyd). 

CHEMICAL ae, _—— a oe = ae with the 
ROYAL INSTITUTE HEMISTRY and Ao men 
a ye ae the North British Station Hotel, Edinburgh) a 

oodward : jal Utilleetion 


—Dr. F. “Recent Trends in the Ind 
W.1), at 8 p.m.—Mackenzie Davidson Memorial Lecture. 
Arts, John Adam Street, Adelphi, London, W.C.2), at 2.30 p.m.— 
CHEMICAL SocreTy, Brauincuiu Section (joint meeting with the 
Mann, F.R.S Aspects 
(Geographical Socie Sonety: 
“The Use of Radar Beacons” o 
Dr. Jean Laurent: ““Reduced Scale Models in Hydraulics and in the 
MaNcH 
the New Physics Theatre, a Ry php es ye” at 6. 30 p.m. 
F. Berg : “Recent 
SOcIETY OF INSTRUMENT TECHNOLOGY, MIDLAND SxEcTiIon (at the 
ROYAL LystrruTion (at 21 a Street, London, W.1), at 
ned : 
ANALYST, Mineral Nutrition of Plants and Soile—The 
suitable qualifications in economics, industrial administration and 


of pit he Products in North America”. 
BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, 
Friday, March 18 

PuysicaL Soctery, Acoustics Group (at the Royal Society of 
Annual General Meeting; at 3 p.m.—Ir. E. W. van Heuven: “The 
Acoustics of Bells’. 

UNIVeRsiTry CHEMICAL Socrety, in the Main ee A igstues 
Theatre, The hg oy yg RES at 4.30 p.m r. G. 

INSTITUTE or hn nd (at the Royal 
Kensington Gore, London, 5 -W. 7), at 5 p.m.— 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (at the City and 
Guilds College, South Kensington, London, 8.W.7), at 5.30 p.m.— 
Construction of Sea Porte—some Novel Observations”. 

LNSTITUTE OF PHYSICS, ESTER AND DisTRict Braycu (in 
—Annual General Meeting ; 7 pm— 

Views on the Theory of Photobraphie Latent Image”. 

Arden Hotel, New Street, Birmingham), ‘at 7 p.m.—Mr. W. Wilson: 
“The Microscope in Industry”’. 

9 p.m.—-Dr. Kathleen Lonsdale, “Neutron Diffraction by 

Crystals”. 

APPLICATIONS are invited for the following appointments on or 
before the dates mentio 
Long Ashton Research Station, Long Ashton, Bristol (March 19). 

LECTURER IN RAYON TECHNOLOGY, and a SENIOR ASSISTANT with 
management, in the Bradford Technical College—The Director of 
Education, Town Hall, Bradford (March 19). 
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PRINCIPAL OF THE oe? TROCHNICAL Cugnee—The Chief 
Education Officer, West House, Halifax (March 19). 
mR, AssistaxT IN THE Dazp. en oF Az AeTEETiCg in 
Med. Registrar, 's College, Newcastle-y 
Tyne (March 19). -~; 
SENIOR FELLOWSHIPS (2) and JUNIOR FELLOWSHIPS @ In THR 
RESEARCH LABORATORY PS NUCLEAR Puysi0s, Lahore, Pakistan 
The Educational Attaché, Commissioner for Pakistan, 14 Fite 
hardinge Street, London, Ww (March 21). 
LECTURER IN BACTERIOLOGY and STANT—The 


LOGY 
Secretary, Royal Veteri: C and Hospital, Royal Coll eS 
London, om iw March 21). 7m om oa 
WARDEN (who will be the Chief Adm peeyatiye Officer) oF Tay 
LIVERPOOL INSTITUTE OF EDUcATION—Dr. J. 
University, Li 
CHAIR OF 


- Mountford, The 
(March 21 a ns 
N i: INSERING— Registrar, ersity, 
Nottingham (March 22). ms 


ASSISTANT ——— IN THE DEPARTMENT OF NATURAL History, 
and a Keeper of the TECHNICAL AND SCIENCE Museum 
The Director, iy Seem and Art Gallery, Birmingham 3 (March 2), 

LABORATORY WORKSHOP OFFICER IN  eumoreicaL ENGINERRING, 
a LABORATORY WORKSHOP OFFICER IN RADAR AND TELBOOMMUNICA- 
TIONS, and an OFFICER-IN B OF MECHANICAL ENGINEERING 
WoRKSHOPS, at the itary of Science, Shrivenham, Swindos 
—The —7 Civil Service 2 
Grosvenor London, 8.W.1, quoting No. 2438 (March 24), 

DEPUTY ERECTOR. an’ ENGINEERING GROLOGIsr, 
GROLOGISTS, in the Geolog: nt—The Burmese 

Rye Charlies Street, London, W.1, quoting No. 3AP@ 


PRINCIPAL SCIENTIFIC OFFICER (microbiologist, pathologist @ 
physiologist with research experience), a SENIOR SCIENTIFIC OFFICER 
(physicist with a special knowledge of electronics and research 
perience), and a SENIOR SCIENTIFIC Coe (chemist with 

or works experience), in the War Office—The Secretary, Civil Service 
Consuniantons Scientific +} 27 Grosvenor Square, London, W.1, 
quoting No. 2454 (March 26 

SCIENTIFIC OFFICERS (with a good honours degree in a biological 
science or in chemistry), and EXPERIMENTAL OFFICERS (with a mini 
mum of 3 years’ ,_ bacteriology, 
piochenatetey or Research and 
yn oto biehenee 
Labour and National Serv 
York a. — London, W.C.2, quoting G.550/ 
(March 26). 

Untversiry LECTURERS IN AGRICULTURAL BOTANY, FARE 
MACHINERY, and the HisToRY AND ECONOMICS OF AGRICULTURE, 
and a UNIVERSITY DEMONSTRATOR IN AGRICULTURE—The Secretary, 
School of Agriculture, Cambridge (March 31). 

m in the Magnetic Survey, Christchurch—The Office ¢ s 
igh Commissioner for New Zealand, 415 Strand, London, 


oh at 1). 

Barr FELLOWSHIPS FOR SCIENTIFIC REsEARCH—The 
Imper of Science and Technology, South Ke 
London, 8.W.7 (April 2). 

SENIOR TECHNICIAN and a TECHNICIAN—The Dean, Postgraduate 
Medical School of London, Ducane Road, London, W. 12 (A 12). 

Senton Lecturer (Grade [) IN THE ‘DEPARTMENT OF Ysics— 
The Registrar, The University, Liverpool (May 1). 

LECTURER IN MATHEMATICAL STATISTICS, and an ASSISTANT 
LECTURER IN APPLIED MATHEMATICS—The Registrar, The University, 
Liverpool (May 1). 

Berr MEMORIAL FELLOWSHIPS FOR MEDICAL RESEARCH—The 

tary, Beit Memorial Fellowships for Medical Research, Lister 
Institute, Chelsea Bri Road, London, 8.W.1 (May 14). 
ASSISTANT Le R NGINEER is the mial Geological Survey 


Service, Cyprus— tment, 

Sanctuary Buildings, Great Smith Street, London, 8.W.1, quoting 

27079; 

PLANT GENETICIST in the a Department. Government 

of Tanganyika—The Director gs Colonial Service, 
a Buildings, Great Smite Street, 5.W 


strar, 
ngton, 


Stoke. “Park, Guildford. 
SENIOR ASSISTANT IN THE DEPARTMENT OF CIVIL AND MECHANICAL 
———- Principal, Technical College, Queen Street South, 


TECHNICAL .—— IN THE Puysics DEPARTMENT— 
The Secretary, th Manchester Hospital nt Committee, 
Christie Hospital and Holt Radium Institute, — 4 20. 
LECTURER IN BIOLOGy—The Principal, Medway Technical College, 
Gillingham, Kent. 

PHYSICIST IN THE BIOCHEMICAL AND ENDOCRINOLOGICAL RESEARCH 
DEPARTMENT, and a SENIOR BIOCHEMIsT—The Medical Superintendent, 
Bristol Mental Hospitals, Barrow Hospital, Barrow Gurney, near 
Bristol. 

SENIOR ny Comune , ScIENTIFIC OFFICERS in Govera- 
ment Departments t Britain—The , Civil 
Service Commission, Scientific yw 4 27 Grosvenor Square ondon, 
W.1, quoting No. 2351. 

MATHEMATICIAN (with interest both in mathematical solution of 
engineering and physical Hy in statistical — of 
research data) in the Scientific nt, 

Scientific Manager, Railway pues, London Midland 
jon, Euston Station, Lenten, N.W 

KARCH Puysicist—The Director of Research, British Sete 

jation, Sira, Southill, Chislehurst 

SENIOR LABORATORY TECHNICIAN FOR DEPARTMENT OF } one 
PATHOLOGY—The Institute of Psychiatry, Ma 


Secretary, 
Hospital, Denmark Hill, London, 8.5.5. 
LECTURER In ANaTOMY—The Secretary, The University, Aberdeen. 
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